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(54) POWER OUTPUTTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To protect an inverter 
circuit or an electricity-storing means if an electric 
motor becomes uncontrollable and operates as a 
generator while it is rotating at high speed. 
SOLUTION: When an assisting motor 40 becomes 
uncontrollable while a driving shaft 22 is rotating at high 
speed, system main relays 94a, 94b are turned off to 
break a battery 94. Electric power regenerated by the 
assisting motor 40 via a three-phase full-wave 
rectification circuit consisting of the diodes D11 to D16 
of a second drive circuit 92 is consumed by letting a 
clutch motor 30 operate as an electric motor by 
controlling the 'on-ofF of the transistors Tr1 to Tr6 of a 
first drive circuit 91. As a result, the overcharging of the 
battery 94 by the electric power regenerated by the 
assisting motor 40 can be prevented. Also, the damage 
to the capacitor 93 becomes preventable by keeping the 
counter electromotive voltage of the assisting motor 40 
less than the withstanding voltage of a capacitor 93. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows ^e word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The motor which is the power output unit which outputs power to a driving shaft, and 
considers an exchange of power as said driving shaft, Have an accumulation-of-electricity means and 
it has the inverter circuit which consists of an electric power supply means which can be supplied, 
and two or more switching elements and feedback diodes of power to this motor, and intervenes 
between said motors and said electric power supply means. The motor control means which carries 
out drive control of said motor by controlling switching of the switching element of this inverter 
circuit, When abnormalities arise in control of the electrical load which can consume electrical 
energy, and said motor by this motor control means and said inverter circuit constitutes a rectifier 
circuit, in view of this motor, A power output unit equipped with an abnormality tense means to 
control this electrical load so that a part of electrical energy [ at least ] revived by said motor through 
this inverter circuit is consumed with said electrical load, while intercepting connection with said 
inverter circuit and said accumulation-of-electricity means. 

[Claim 2] Said motor control means is a power output unit according to claim 1 equipped with a 
switching means at the time of the abnormalities which switch said two or more switching elements 
so that said inverter circuit may constitute a rectifier circuit, in view of said motor when 
abnormalities arise in control of said motor by this motor control means. 

[Claim 3] A switching means is a power output unit according to claim 2 which is a means to switch 
so that said inverter circuit may constitute a rectifier circuit, in view of said motor when the engine 
speed of said driving shaft is beyond a predetermined value at the time of said abnormalities. 
[Claim 4] Said inverter circuit is a power output unit according to claim 1 which is the circuit which 
constitutes a rectifier circuit with said feedback diode, in view of said motor when supply of power 
required for switching of two or more of said switching elements stops. 

[Claim 5] They are claim 1 thru/or a power output unit given in four. Said electric power supply 
means (a) It is combined with the prime mover which has an output shaft, and the output shaft and 
said driving shaft of (b) this prime mover. The energy adjustment device which adjusts the energy 
deflection of the power outputted and inputted by this output shaft and the power which are 
outputted and inputted by this driving shaft by I/O of corresponding electrical energy, and (c) charge 
and discharge are possible. It has an accumulation-of-electricity means to connect said energy 
adjustment device and said inverter circuit to juxtaposition. Said electrical load It is the power output 
unit which is a means to control this energy adjustment device so that it is said energy adjustment 
device and a part of electrical energy [ at least ] by which said abnormality tense means is revived 
from said motor through said inverter circuit is consumed with said energy adjustment device. 
[Claim 6] Said abnormality tense means is a power output unit according to claim 5 which is a 
means to control said prime mover and said energy adjustment device to negate a part of fluctuation 
[ at least ] of the power outputted to said driving shaft. 

[Claim 7] It has a target power setting means to set up the target power which is a power output unit 
according to claim 6, and should be outputted to a driving shaft based on predetermined directions. 
An abnormality tense means (d) A prime-mover operation means to control operation of said prime 
mover so that the electrical energy revived from said motor through said inverter circuit is equivalent 
to the energy deflection of the power outputted from said prime mover, and the target power set up 
by said target power setting means, (e) the energy deflection of the power outputted from said prime 
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mover, and the target power set up by said target power setting means A power output unit equipped 
with the energy adjustment control means which controls said energy adjustment device to adjust 
using the electrical energy revived from said motor through said inverter circuit. 
[Claim 8] There is no claim 5 equipped with the motor which has the 1st Rota combined with the 
output shaft of said prime mover and the 2nd Rota combined with said driving shaft, and exchanges 
power between the output shaft of said prime mover and this driving shaft through electromagnetic 
association between these both Rota, and said energy adjustment device is the power output unit of a 
publication 7 either. 

[Claim 9] There is no claim 5 and it is the power output unit of a publication 7 either. Said energy 
adjustment device When it has a revolving shaft, it has three shafts respectively combined with the 
2nd motor which sets this revolving shaft as an exchange of power, and said (b2) driving shaft, said 
output shaft and said revolving shaft and power is outputted and inputted among these three shafts to 
any 2 shafts, (bl) A power output unit equipped with a 3 shaft type power I/O means to output and 
input the power which becomes settled based on the this power outputted and inputted to one 
residual shaft. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the power output unit which outputs power to a 

driving shaft in detail about a power output unit. 

[0002] 

[Description of the Prior Art] Conventionally, as this kind of a power output unit, it is equipment 
carried in a car, and while outputting the power which combined the output shaft and driving shaft of 
a prime mover electromagnetic with the magnetic coupling, and was outputted from the prime mover 
to a driving shaft, what outputs power to a driving shaft from the motor attached in the driving shaft 
is proposed (for example, JP,53-133814,A etc.). In this power output unit, if transit of a car is started 
with a motor and the rotational frequency of a motor turns into a predetermined rotational frequency, 
while giving an exciting current to a magnetic coupling and carrying out cranking of the prime 
mover, the fuel supply and jump spark ignition to a prime mover will be performed, and a prime 
mover will be put into operation. After a prime mover starts, a part of power outputted from a prime 
mover is outputted to a driving shaft through electromagnetic association by the magnetic coupling, 
and it is made to run a car. The remainder of the power outputted from a prime mover is revived as 
power according to slipping of electromagnetic association of a magnetic coupling, is stored in a dc- 
battery as power used in the case of initiation of transit, or is used as power required for the drive of 
a motor. Under the power to which the power which should be outputted to a driving shaft is 
outputted through a magnetic coupling, a motor is driven when it runs short, and this insufficiency is 
compensated with it. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when the motor in which drive control is 
carried out by the inverter circuit etc. was used for the motor of such a power output unit and it 
became impossible for control of a motor to have carried out to the midst which the driving shaft is 
rotating by high rotation by a certain abnormalities, there was a problem of producing the case where 
a dc-battery and an inverter circuit are damaged. Generally, in order that a motor may make a 
required current value small, when it is designed so that a reverse electromotive voltage may become 
large, and making it rotate by high rotation, it weakens so that a reverse electromotive voltage may 
not become higher than the electrical potential difference of a dc-battery, and field control is made. If 
abnormalities arise in a control unit etc. in the midst of such control and it becomes impossible to 
control a motor, it becomes impossible to make low the reverse electromotive voltage which a motor 
produces, and a motor will operate as a generator and will charge a dc-battery with the power 
obtained by this. If a dc-battery is close to a full charge at this time, a dc-battery will be overcharged 
and will be damaged depending on the case. Moreover, the reverse electromotive voltage which a 
motor produces turns into a high voltage, and the smoothing capacitor in an inverter circuit etc. may 
be damaged. 

[0004] Such a problem is a problem produced similarly, if it is not restricted to the power output unit 
of the above-mentioned conventional example but the motor is attached in the driving shaft. For 
example, while outputting the power outputted from the prime mover through the epicyclic gear 
drive combined with the output shaft of a prime mover, the driving shaft, and the revolving shaft of a 
generator which these people proposed before to a driving shaft, it is the same also with the 
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equipment (the Provisional-Publication-No. No. 30223 [ 50 to ] official report) which outputs power 
to a driving shaft from the motor attached in the driving shaft. 

[0005] The power output unit of this invention sets to one of the purposes to prevent breakage of the 
inverter circuit which controls a motor, or an accumulation-of-electricity means, even when it 
becomes impossible to have controlled the motor to the midst which the driving shaft is rotating by 
high rotation and a motor operates as a generator. Moreover, the power output unit of this invention 
sets to one of the purposes to make small fluctuation of the power outputted to the driving shaft 
produced when it becomes impossible to control a motor. 
[0006] 

[The means for solving a technical problem, and its operation and effectiveness] The power output 
unit of this invention took the following means, in order to attain a part of above-mentioned purpose 
[ at least ]. 

[0007] The motor with which the power output unit of this invention considers an exchange of power 
as a driving shaft, Have an accumulation-of-electricity means and it has the inverter circuit which 
consists of an electric power supply means which can be supplied, and two or more switching 
elements and feedback diodes of power to this motor, and intervenes between said motors and said 
electric power supply means. The motor control means which carries out drive control of said motor 
by controlling switching of the switching element of this inverter circuit, When abnormalities arise 
in control of the electrical load which can consume electrical energy, and said motor by this motor 
control means and said inverter circuit constitutes a rectifier circuit, in view of this motor, While 
intercepting connection with said inverter circuit and said accumulation-of-electricity means, let it be 
a summary to have an abnormality tense means to control this electrical load so that a part of 
electrical energy [ at least ] revived by said motor through this inverter circuit is consumed with said 
electrical load. 

[0008] The power output unit of this this invention carries out drive control of the motor with which 
the motor control means which has the inverter circuit which consists of two or more switching 
elements and feedback diodes considers an exchange of power as a driving shaft in response to 
supply of power from an electric power supply means by controlling switching of the switching 
element of an inverter circuit. When abnormalities arise in control of the motor by the motor control 
means and an inverter circuit constitutes a rectifier circuit, in view of a motor, an abnormality tense 
means controls electrical load so that a part of electrical energy [ at least ] revived by the motor 
through this inverter circuit is consumed with electrical load. 

[0009] According to the power output unit of such this invention, a part of electrical energy revived 
by the motor through an inverter circuit can be consumed with electrical load. Consequently, 
breakage of the component which constitutes the inverter circuit produced when the electrical energy 
revived by the motor becomes superfluous or that electrical potential difference turns into a high 
voltage, or the component which constitutes a motor control means can be prevented. 
[0010] Moreover, said abnormality tense means is equipped with a cutoff means to intercept 
connection with said inverter circuit and said accumulation-of-electricity means. Therefore, 
protection of an accumulation-of-electricity means, and an inverter circuit and a motor can be 
strengthened. 

[001 1] In the power output unit of this invention, said motor control means shall be equipped with a 
switching means at the time of the abnormalities which switch said two or more switching elements 
so that said inverter circuit may constitute a rectifier circuit, in view of said motor, when 
abnormalities arise in control of said motor by this motor control means. When carrying out like this 
and abnormalities arise in control of the motor by the motor control means, it can become a rectifier 
circuit about an inverter circuit, in view of a motor. At the time of such abnormalities, a switching 
means shall be a means to switch so that said inverter circuit may constitute a rectifier circuit, in 
view of said motor, when the engine speed of said driving shaft is beyond a predetermined value. It 
shall control, when the engine speed of a driving shaft will be beyond a predetermined value (i.e., 
only when a possibility that breakage may arise is in the component for which an electromotive 
voltage constitutes an inverter circuit from a motor highly, or the component which constitutes a 
motor control means), if it carries out like this. 

[0012] Moreover, in the power output unit of this invention, said inverter circuit shall be a circuit 
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which constitutes a rectifier circuit with said feedback diode, in view of said motor, when supply of 
power required for switching of two or more of said switching elements stops. If it carries out like 
this, when supply of power required for switching of a switching element stops, it can control 
similarly. 

[0013] It sets to the power output unit of this invention including these modifications. Said electric 
power supply means The energy adjustment device which adjusts the energy deflection of the power 
which is combined with the prime mover which has an output shaft, and the output shaft and said 
driving shaft of this prime mover, and is outputted and inputted by this output shaft, and the power 
which are outputted and inputted by this driving shaft by I/O of corresponding electrical energy, 
Charge and discharge are possible and it has an accumulation-of-electricity means to connect said 
energy adjustment device and said inverter circuit to juxtaposition. Said electrical load It shall be 
said energy adjustment device and said abnormality tense means shall be a means to control this 
energy adjustment device so that a part of electrical energy [ at least ] revived from said motor 
through said inverter circuit is consumed with said energy adjustment device. 
[0014] In the power output unit of this mode, it is combined with the output shaft and said driving 
shaft of the prime mover by the energy adjustment device, and the electrical energy stored in an 
accumulation-of-electricity means to connect to juxtaposition the electrical energy outputted and 
inputted by corresponding in the energy deflection of the power outputted and inputted by this output 
shaft and the power which are outputted and inputted by the driving shaft, an energy adjustment 
device, and an inverter circuit is supplied to a motor as power. And an energy adjustment device 
operates as electrical load by being controlled by the abnormality tense means to consume a part of 
electrical energy [ at least ] revived from a motor through an inverter circuit, when abnormalities 
arise in control of the motor by the motor control means and an inverter circuit constitutes a rectifier 
circuit, in view of a motor. The power output unit, then energy adjustment device of this mode can 
be operated as electrical loads. Consequently, a burden can be adjusted. 

[001 5] Moreover, in the power output unit of this invention equipped with a prime mover, an energy 
adjustment device, and an accumulation-of-electricity means, said abnormality tense means shall be 
a means to control said prime mover and said energy adjustment device to negate a part of 
fluctuation [ at least ] of the power outputted to said driving shaft. If it carries out like this, 
fluctuation of the power outputted to a driving shaft can be made small. 

[0016] In the power output unit of the mode which negates fluctuation of the power outputted to this 
driving shaft It has a target power setting means to set up the target power which should be outputted 
to a driving shaft based on predetermined directions. An abnormality tense means A prime-mover 
operation means to control operation of said prime mover so that the electrical energy revived from 
said motor through said inverter circuit is equivalent to the energy deflection of the power outputted 
from said prime mover, and the target power set up by said target power setting means, So that the 
energy deflection of the power outputted from said prime mover and the target power set up by said 
target power setting means may be adjusted using the electrical energy revived from said motor 
through said inverter circuit It shall have the energy adjustment control means which controls said 
energy adjustment device. Even when carrying out like this and abnormalities arise in control of the 
motor by the motor control means, target power can be outputted to a driving shaft. 
[0017] In the power output unit of this invention equipped with these prime movers, an energy 
adjustment device, and an accumulation-of-electricity means said energy adjustment device It has 
the 1 st Rota combined with the output shaft of said prime mover, and the 2nd Rota combined with 
said driving shaft. Shall have the motor which exchanges power between the output shaft of said 
prime mover, and this driving shaft through electromagnetic association between these both Rota, or 
said energy adjustment device When it has three shafts respectively combined with the 2nd motor 
which has a revolving shaft and sets this revolving shaft as an exchange of power, and said driving 
shaft, said output shaft and said revolving shaft and power is outputted and inputted among these 
three shafts to any 2 shafts, It shall have a 3 shaft type power I/O means to output and input the 
power which becomes settled based on the this power outputted and inputted to one residual shaft. 
[0018] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on an example. The block diagram in which drawing 1 shows the outline configuration of the 
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power output unit 20 as the 1 st example of this invention, and drawin g 2 are the block diagrams 
showing the outline configuration of the car incorporating the power output unit 20 of drawin g 1 . It 
explains from the configuration of the whole car using drawin g 2 first on account of explanation. 
[0019] This car is equipped with the gasoline engine operated with a gasoline as an engine 50 which 
is a source of power as shown in drawing 2 . This engine 50 inhales the gaseous mixture of the air 
inhaled through the throttle valve 66 from the inhalation-of-air system, and the gasoline injected 
from the fuel injection valve 51 to a combustion chamber 52, and changes into rotation of a 
crankshaft 56 movement of the piston 54 depressed by explosion of this gaseous mixture. Here, the 
closing motion drive of the throttle valve 66 is carried out by the actuator 68. An ignition plug 62 
forms a spark with the high voltage drawn through the distributor 60 from the ignitor 58, and 
gaseous mixture is lit by the spark and carries out explosion combustion of it by it. 
[0020] Operation of this engine 50 is controlled by the electronic control unit (hereafter referred to as 
EFIECU) 70. The various sensors in which the operational status of an engine 50 is shown are 
connected to EFIECU70. For example, it is the rotational frequency sensor 76, the angle-of-rotation 
sensor 78, etc. which are prepared for the coolant temperature sensor 74 and distributor 60 which 
detect the water temperature of the throttle-valve position sensor 67 which detects the opening 
(position) of a throttle valve 66, the inlet-pipe negative pressure sensor 72 which detects the load of 
an engine 50, and an engine 50, and detect the rotational frequency and angle of rotation of a 
crankshaft 56. In addition, although the starting switch 79 which detects the condition ST of an 
ignition key was connected to EFIECU70 in addition to this, illustration of other sensors, a switch, 
etc. was omitted. 

[0021] The driving shaft 22 is combined with the crankshaft 56 of an engine 50 through the clutch 
motor 30 and the assistant motor 40 which are mentioned later. The driving shaft 22 is combined 
with the differential gear 24, and, finally the torque from the power output unit 20 is transmitted to 
the driving wheels 26 and 28 on either side. This clutch motor 30 and the assistant motor 40 are 
controlled by the control unit 80. Although the configuration of a control unit 80 is explained in full 
detail later, the interior is equipped with control CPU 90 and accelerator pedal position sensor 64a 
prepared in the shift position sensor 84 formed in the shift lever 82 or the accelerator pedal 64, 
brake-pedal position sensor 65a prepared in the brake pedal 65 are connected. Moreover, the control 
unit 80 is exchanging various information by EFIECU70 and the communication link which were 
mentioned above. 

[0022] As shown in drawing 1 , the power output unit 20 of the 1st example consists of control units 
80 which carry out drive control of an engine 50, the clutch motor 30 by which the inner rotor 34 
was combined with the driving shaft 22 while the outer rotor 32 was combined with the crankshaft 
56 of an engine 50, the assistant motor 40 which has Rota 42 combined with the driving shaft 22, 
and the clutch motor 30 and the assistant motor 40 greatly. 

[0023] The clutch motor 30 equips the inner skin of an outer rotor 32 with a permanent magnet 35, 
and is constituted as a synchronous motor which winds the coil 36 of a three phase around the slot 
formed in the inner rotor 34. The power to this three phase coil 36 is supplied through the slip ring 
38. The part which forms the slot and teeth for three phase coil 36 in the inner rotor 34 consists of 
carrying out the laminating of the sheet metal of a non-oriented magnetic steel sheet. In addition, 
although the resolver 39 which detects that angle-of-rotation thetae is formed in the crankshaft 56, 
this resolver 39 can also be used also [ sensor / 78 / which was prepared for the distributor 60 / 
angle-of-rotation ]. 

[0024] On the other hand, although the assistant motor 40 is also constituted as a synchronous motor, 
the three phase coil 44 which forms rotating magnetic field is wound around the stator 43 fixed to the 
case 45. This stator 43 is also formed by carrying out the laminating of the sheet metal of a non- 
oriented magnetic steel sheet. Two or more permanent magnets 46 are formed in the peripheral face 
of Rota 42. By the assistant motor 40, Rota 42 rotates by the interaction with the field which a field 
and the three phase coil 44 form with this permanent magnet 46. The shaft with which Rota 42 was 
combined mechanically is the driving shaft 22 which is an output shaft of the torque of the power 
output unit 20, and the resolver 48 which detects the angle-of-rotation thetad is formed in the driving 
shaft 22. Moreover, the driving shaft 22 is supported to revolve by the bearing 49 prepared in the 
case 45. 
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[0025] The clutch motor 30 and the assistant motor 40 to apply are combined mechanically [ the 
inner rotor 34 of the clutch motor 30 ] to Rota 42 of the assistant motor 40, as a result a driving shaft 
22. Therefore, if the relation between an engine 50 and both the motors 30 and 40 is said simple, the 
output torque outputted to the crankshaft 56 from the engine 50 will be outputted to a driving shaft 
22 through the outer rotor 32 and the inner rotor 34 of the clutch motor 30, and it will be said that the 
torque from the assistant motor 40 is subtracted and added by this. 

[0026] Although the assistant motor 40 is constituted as a usual permanent-magnet type three phase 
synchronous motor, the clutch motor 30 is constituted so that the outer rotor 32 which has a 
permanent magnet 35, and the inner rotor 34 equipped with the three phase coil 36 may both be 
rotated. Then, the detail of the configuration of the clutch motor 30 is explained further. The outer 
rotor 32 of the clutch motor 30 is combined with a crankshaft 56, the inner rotor 34 is combined with 
the driving shaft 22, and it already explained that the permanent magnet 35 was formed in the outer 
rotor 32. In the 1st example, eight (N pole and the south pole are four pieces each) of this permanent 
magnet 35 are prepared, and it is stuck on the inner skin of an outer rotor 32. The magnetization 
direction is a direction which goes to the shaft center of the clutch motor 30, and the direction of a 
magnetic pole has reverse sense alternately. If this permanent magnet 35 and the three phase coil 36 
of the inner rotor 34 which counters with few gaps are wound around a total of 12 slots (not shown) 
prepared in the inner rotor 34 and are energized in each coil, they will form the magnetic flux which 
passes along the teeth which separate a slot. This field will be rotated if the three-phase alternating 
current is passed in each coil. Each of the three phase coil 36 is connected so that supply of power 
may be received from the slip ring 38. This slip ring 38 consists of rotation ring 38a and brush 38b 
which were fixed to the driving shaft 22. In addition, in order to exchange the current of a three 
phase (U, V, W phase), rotation ring 38a and brush 38b for a three phase are prepared for the slip 
ring 38. 

[0027] An outer rotor 32 and the inner rotor 34 show various behavior by the interaction of the field 
which the permanent magnet 35 of an adjoining lot forms, and the rotating magnetic field which the 
three phase coil 36 prepared in the inner rotor 34 forms. Usually, the frequency of the three-phase 
alternating current passed in the three phase coil 36 is made into the frequency of the deflection of 
the rotational frequency (rotational frequency for 1 second) of an outer rotor 32 and the rotational 
frequency of the inner rotor 34 which were directly linked with the crankshaft 56. 
[0028] Next, the control unit 80 which carries out drive control of the clutch motor 30 and the 
assistant motor 40 is explained. The control device 80 consists of the 1st drive circuit 91 which 
drives the clutch motor 30, the 2nd drive circuit 92 which drives the assistant motor 40, and the 
control CPU 90 which controls both the drive circuits 91 and 92 and the dc-battery 94 which is a 
rechargeable battery. Control CPU 90 is one chip microprocessor, and equips the interior with 
RAM90a for work pieces, ROM90b which memorized the processing program, input/output port 
(not shown) and EFIECU70, and the serial communication port (not shown) that performs a 
communication link. The remaining capacity BRM from the remaining capacity detector 99 which 
detects the remaining capacity of the accelerator pedal position (the amount of treading in of an 
accelerator pedal) AP from angle-of-rotation thetae of the engine 50 from a resolver 39, angle-of- 
rotation thetad of the driving shaft 22 from a resolver 48, and accelerator pedal position sensor 64a, 
the shift position SP from the shift position sensor 84, and a dc-battery 94 is inputted into this control 
CPU 90 through input port. In addition, what the remaining capacity detector 99 measures the 
specific gravity of the electrolytic solution of a dc-battery 94 or the weight of the whole dc-battery 
94, and detects remaining capacity, the thing which calculates the current value and time amount of 
charge and discharge, and detects remaining capacity, the thing which detects remaining capacity by 
making between the terminals of a dc-battery short-circuit momentarily, and measuring sink internal 
resistance for a current are known. 

[0029] Moreover, control CPU 90 is exchanging information required for motor control by the 
electronic control units 91a and 92a for switching (henceforth "Switching CPU") and communication 
link with which the 1st drive circuit 91 and the 2nd drive circuit 92 are equipped and which are 
mentioned later. 

[0030] The 1st drive circuit 91 consists of six transistors Trl which are switching elements thru/or 
Tr6, six diodes Dl thru/or D6, and switching CPU91a that controls switching of a transistor Trl 
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thru/or Tr6. Six transistors Trl thru/or Tr6 constitute the transistor inverter, two pieces are arranged 
at a time in a pair, respectively so that it may become a source and sink side to power-source Rhine 
LI and L2 of a pair, and each of the three phase coil (UVW) 36 of the clutch motor 30 is connected 
through the slip ring 38 at the node. Moreover, a feedback diode Dl thru/or D6 are attached in each 
transistor Trl thru/or Tr6, and when a transistor Trl thru/or Tr6 are altogether made off, a three 
phase bridge rectifier circuit is constituted by diode Dl thru/or D6. Switching CPU91a is constituted 
as one chip microprocessor. ROM which memorized the program RAM for work pieces, and for 
drive control of the clutch motor 30 inside although not illustrated, Angle-of-rotation thetae of the 
engine 50 from a resolver 39, angle-of-rotation thetad of the driving shaft 22 from a resolver 48, the 
input port that inputs the clutch current values Iuc and Ivc from two current detectors 95 and 96, It 
has the output port which outputs the control signal SW1 which turns on and off a transistor Trl 
thru/or Tr6. Power-source Rhine LI and L2 controls sequentially the rate of the transistor Trl which 
makes a pair by switching CPU91a since it connects with the plus [ of a dc-battery 94 ], and minus 
side, respectively thru/or the ON time amount of Tr6 with a control signal SW1, and if the current 
which flows in each coil 36 is made into a false sine wave by PWM control, rotating magnetic field 
will be formed with the three phase coil 36. 

f 003 1 1 The 2nd drive circuit 92 also consists of six transistors Trl 1 which are switching elements 
thru/or Trl 6, six diodes Dl 1 thru/or D16, and switching CPU92a that controls switching of a 
transistor Trl 1 thru/or Trl6. Six transistors Trl 1 of the 2nd drive circuit 92 thru/or Trl6 also 
constitute the transistor inverter, it is arranged like the 1st drive circuit 91, respectively, and the node 
of the transistor which makes a pair is connected to each of the three phase coil 44 of the assistant 
motor 40. Moreover, a feedback diode Dl 1 thru/or D16 are attached also in each transistor Trl 1 
thru/or Trl6, and like the 1st drive circuit 91, when a transistor Trl 1 thru/or Trl6 are altogether 
made off, a three phase bridge rectifier circuit is constituted by diode Dl 1 thru/or D16. Although 
switching CPU92a is also constituted as one chip microprocessor and is not illustrated, it has the 
output port which outputs to the interior the control signal SW2 which turns on and off the input port 
and the transistor Trl 1 which input the assistant current values Iua and Iva from ROM which 
memorized the program RAM for work pieces, and for drive control of the assistant motor 40, and 
angle-of-rotation thetae of the engine 50 from a resolver 39 and two current detectors 97 and 98 
thru/or Trl 6. Therefore, the rate of the transistor Trl 1 which makes a pair by switching CPU92a 
thru/or the ON time amount of Trl 6 is sequentially controlled with a control signal SW2, and if the 
current which flows in each coil 44 is made into a false sine wave by PWM control, rotating 
magnetic field will be formed with the three phase coil 44. In addition, among power-source Rhine 
LI and L2, the capacitor 93 for graduating an electrical potential difference is formed. Moreover, the 
dc-battery 94 is connected with power-source Rhine LI and L2 by the normally open system main 
relays 94a and 94b which become off when supply of the power for control stops, and drive control 
of these system main relays 94a and 94b is carried out by control CPU 90. 

[0032] Actuation of the power output unit 20 of the 1st example which explained the configuration 
above is explained. The principle of operation of the power output unit 20 of the 1st example, 
especially the principle of torque conversion are as follows. An engine 50 is operated by EFIECU70 
and the rotational frequency Ne of an engine 50 presupposes that it is rotating at the predetermined 
rotational frequency Nl . Supposing switching CPU91a is not passing the current at all in the three 
phase coil 36 of the clutch motor 30 through the slip ring 38 at this time Namely, if it considers as 
the condition of having made the transistor 1,3, and Tr 5 off with the control signal SW1 outputted 
from switching CPU91a, and having set the transistor 2, 4, and Tr 6 to ON Since no current also 
flows in the three phase coil 36, the outer rotor 32 and the inner rotor 34 of the clutch motor 30 will 
be in the condition of not being combined at all electromagnetic, and the crankshaft 56 of an engine 
50 will be in the condition of having idled. In this condition, regeneration from the three phase coil 
36 is not performed, either. That is, the engine 50 will carry out idle rotation. 
[0033] When on-off control of the transistor is carried out with the control signal SW1 from 
switching CPU91a, it is the deflection (in other words) of the rotational frequency Ne of the 
crankshaft 56 of an engine 50, and the rotational frequency Nd of a driving shaft 22. The rotational 
frequency difference Nc (Ne-Nd) of an outer rotor 32 and the inner rotor 34 in the clutch motor 30 is 
embraced. A fixed current flows in the three phase coil 36 of the clutch motor 30, the clutch motor 
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30 functions as a generator, a current is revived through the 1st drive circuit 91, and a dc-battery 94 
is charged. At this time, it will be in the integrated state in which slipping with fixed outer rotor 32 
and inner rotor 34 exists, and the inner rotor 34 is rotated at the rotational frequency Nd lower than 
the rotational frequency Ne (rotational frequency of a crankshaft 56) of an engine 50. In this 
condition, if switching CPU92a carries out on-off control of the transistor Trl 1 of the 2nd drive 
circuit 92 thru/or Trl 6 so that energy equal to the electrical energy revived may be consumed by the 
assistant motor 40, a current will flow in the three phase coil 44 of the assistant motor 40, and torque 
will occur in the assistant motor 40. 

[0034] If it compares with drawing 3 , while the engine 50 will operate on the operation point PI of a 
rotational frequency Nl and torque Tl By reviving the energy expressed in a field Gl, while 
outputting torque Tl to a driving shaft 22 by the clutch motor 30, and supplying this revived energy 
to the assistant motor 40 as energy expressed in a field G2 A driving shaft 22 can be rotated on the 
operation point P2 of a rotational frequency N2 and torque T2. 

[0035] Next, Torque Te is operated with torque T2 with the rotational frequency N2 predetermined 
[ engine / 50 ] in a rotational frequency Ne, and the case where the driving shaft 22 is rotating at the 
bigger rotational frequency Nl than a rotational frequency N2 is considered. In this condition, since 
it rotates to the hand of cut of a driving shaft 22 at the rotational frequency shown in the absolute 
value of the rotational frequency difference Nc (Ne-Nd) to an outer rotor 32, the clutch motor 30 
functions as a usual motor, and the inner rotor 34 of the clutch motor 30 gives rotational energy to a 
driving shaft 22 with the power from a dc-battery 94. On the other hand, if on-off control of a 
transistor Trl 1 thru/or Trl 6 is carried out so that power may be revived by switching CPU92a by the 
assistant motor 40, a regeneration current will flow in the three phase coil 44 by slipping between 
Rota 42 of the assistant motor 40, and a stator 43. Here, if on-off control of a transistor Trl thru/or 
Tr6 is carried out by switching CPU91a so that the power revived by the assistant motor 40 may be 
consumed by the clutch motor 30, it can drive, without using the power stored in the dc-battery 94 in 
the clutch motor 30. 

[0036] If it compares with drawing 3 , while the engine 50 is operating with a rotational frequency 
N2 and torque T2, and supplying the energy expressed as the sum of a field Gl and field G3 to the 
clutch motor 30 and outputting torque T2 to a driving shaft 22 By reviving and providing the energy 
supplied to the clutch motor 30 from the assistant motor 40 as energy expressed as the sum of a field 
G2 and field G3, a driving shaft 22 can be rotated on the operation point P2 of a rotational frequency 
Nl and torque Tl . 

[0037] In addition, the power outputted from an engine 50 besides the actuation which carries out 
torque conversion of all the power outputted from such an engine 50 in the power output unit 20 of 
the 1st example, and is outputted to a driving shaft 22 (product of Torque Te and a rotational 
frequency Ne), By adjusting the electrical energy revived or consumed by the clutch motor 30, and 
the electrical energy consumed or revived by the assistant motor 40 It can consider as the actuation 
which finds out excessive electrical energy and discharges a dc-battery 94, or can also consider as 
various actuation, such as actuation with which the electrical energy running short is compensated 
with the power stored in the dc-battery 94. 

[0038] Next, when an overcurrent arises in the time of detecting the transistor Trl 1 of the 2nd drive 
circuit 92 thru/or the abnormalities in temperature of Trl 6 when a car is in a run state, a transistor 
Trl 1 , or Trl 6, a torque control when the assistant motor 40 is uncontrollable is explained to usual 
based on a torque control routine at the time of the abnormalities illustrated to drawing 4 . At the 
time of such abnormalities, a torque control routine is performed, when abnormalities are judged by 
the abnormality judging routine which is performed by switching CPU92a based on signals, such as 
the assistant currents Iua and Iva detected by the signal and the current detectors 97 and 98 from the 
temperature sensor which was formed in the 2nd drive circuit 92, and which is not illustrated, and 
which is not illustrated. 

[0039] First, if this routine is performed, in order to protect a dc-battery 94, the control CPU 90 of a 
control device 80 will make off system main relays 94a and 94b, and will intercept a dc-battery 94, 
the 1st drive circuit 91, and the 2nd drive circuit 92 (step SI 00). And all the transistors Trl 1 of the 
2nd drive circuit 92 thru/or Tr(s)16 are made off (step SI 02). When the signal which makes off all 
the transistors Trl 1 thru/or Tr(s)16 towards switching CPU92a from control CPU 90 is specifically 



JP,2002-017004,A [DETAILED DESCRIPTION] 



Page 8 of 1 9 



outputted and switching CPU92a which received this outputs a control signal SW2, all the transistors 
Trl 1 thru/or Tr(s)16 are turned off. Thus, when all the transistors Trl 1 thru/or Tr(s)16 are made off, 
the assistant motor 40 which the 2nd drive circuit 92 constituted the three phase bridge rectifier 
circuit by the feedback diode Dl 1 formed in each transistor thru/or D16, and was constituted as a 
synchronous motor by this will operate as a generator. 

[0040] Then, processing which reads the accelerator pedal position AP which is the amount of 
treading in of the accelerator pedal 64 detected by accelerator pedal position sensor 64a is performed 
(step SI 04). An accelerator pedal 64 is broken in when it senses that an operator's output torque is 
insufficient, and it corresponds to the output torque (namely, torque which should be outputted to a 
driving shaft 22) to which the operator wants the value of the accelerator pedal position AP. Then, 
processing which derives desired value (desired value of torque which should be outputted to driving 
shaft 22 (henceforth "torque command value")) Td* of the output torque according to the read 
accelerator pedal position AP is performed (step SI 06). In the example, output-torque command 
value Td* corresponding to the accelerator pedal position AP read with reference to the map which 
defined output-torque command value Td* which corresponds to each accelerator pedal position AP, 
memorized to ROM90b by making this into a map beforehand, and was memorized to ROM90b 
when the accelerator pedal position AP was read shall be derived. 

[0041] Next, the rotational frequency Nd of a driving shaft 22 is read (step SI 08), and the read 
rotational frequency Nd is compared with a threshold Nset (step SI 10). Here, it can ask for the 
engine speed Nd of a driving shaft 22 from angle-of-rotation thetad of the driving shaft 22 detected 
by the resolver 48. Moreover, a threshold Nset is set up as a value [ a little ] smaller than the 
rotational frequency of Rota 42 where the reverse electromotive voltage Ea of the assistant motor 40 
turns into withstand voltage of a capacitor 93. 

[0042] When the rotational frequency Nd of a driving shaft 22 is larger than a threshold Nset It is 
judged that there is a possibility of the reverse electromotive voltage Ea of the assistant motor 40 
becoming larger than the withstand voltage of a capacitor 93, and damaging a capacitor 93. A part of 
electrical energy obtained by the assistant motor 40 by the clutch motor 30 Processing (step SI 12 
thru/or processing of SI 16) which sets up torque command value Tc* of the clutch motor 30, target 
rotational frequency Ne* of an engine 50, and target torque Te* so that it may consume is 
performed. As this processing, the power Pa revived from the assistant motor 40 based on the 
rotational frequency Nd of a driving shaft 22 is calculated first (step SI 12). Although the power Pa 
corresponding to this rotational frequency Nd shall be derived from the map which memorized to 
ROM90b as a map beforehand in quest of the power Pa revived from the assistant motor 40 to each 
rotational frequency Nd of a driving shaft 22 by experiment, and was memorized to ROM90b when 
the rotational frequency Nd was read in the example, it is good also as what is computed by the 
degree type (1). V is an electrical potential difference [ a little ] higher than the withstand voltage of 
a capacitor 93 among a formula (1), and Ra and jomegaLa are the impedances of the assistant motor 
40 when seeing the assistant motor 40 as a power source of electromotive force Ea, and the 2nd drive 
circuit 92. The equal circuit of the power output unit 20 when seeing the assistant motor 40 as a 
power source of electromotive force Ea is shown in drawing 5 . In addition, it can ask for the reverse 
electromotive voltage Ea of the assistant motor 40 by the formula (2). For k, a winding factor and n 
are [ a frequency and phi of the number of turns of one phase and f ] the air gap magnetic-flux 
fundamental-wave components per pole among a formula (2). 
[0043] 

Pa^Ea-Ia^Ea and (Ea-V) / (Ra+jomegaLa) — (1) 
Ea-4.44knfphi - (2) 

[0044] Derivation of the power Pa revived by the assistant motor 40 sets up torque command value 
Tc* of the clutch motor 30 by the degree type (3) (step SI 14). Here, the 2nd term of the right-hand 
side is equivalent to the damping torque outputted to a driving shaft 22 from the assistant motor 40 
among a formula (3). Thus, by setting up torque command value Tc* of the clutch motor 30, the 
torque (torque command value Td*) which an operator wants can be outputted to a driving shaft 22. 
[0045] 

Tc*<-Td*+Pa/Nd - (3) 

[0046] Next, target rotational frequency Ne* of an engine 50 and target torque Te* are set up by the 
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degree type (4) and the formula (5) (step SI 16). Here, the 2nd term of the right-hand side of a 
formula (4) is equivalent to the rotational frequency of the clutch motor 30 when consuming the 
power Pa revived by the assistant motor 40 by the clutch motor 30. Therefore, by setting up the value 
calculated by the formula (4) as target engine-speed Ne* of an engine 50, the engine-speed 
difference Nc of the engine speed Ne of an engine 50 and the engine speed Nd of a driving shaft 22 
which are an engine speed of the clutch motor 30 can be made into -Pa/Tc*, and the power Pa 
revived by the assistant motor 40 can be consumed now by the clutch motor 30. Moreover, as shown 
in a formula (5), torque command value Tc* of the clutch motor 30 is set as target torque Te* of an 
engine 50 because the torque outputted from the clutch motor 30 turns into load torque of an engine 
50. 

[0047] Ne*<-Nd-Pa/Nd -- (4) 
Te*<-Tc* - (5) 

[0048] On the other hand, when the engine speed Nd of a driving shaft 22 is below the threshold 
Nset at step SI 10, it judges that there is no possibility of damaging a capacitor 93, and while 
outputting the signal which carries out the lock-up of the clutch motor 30 (step SI 18), the engine 
speed Nd of a driving shaft 22 and torque command value Td* are set as target engine-speed Ne* of 
an engine 50, and target torque Te* (step SI 20). Thus, torque can output [ the rotational frequency 
outputted from an engine 50 ] the power of value Td* to the direct-drive shaft 22 with a value Nd by 
setting up. In addition, since power required to carry out the lock-up of the clutch motor 30 is only 
copper loss and iron loss, it is small, and it can be provided with the power revived by the assistant 
motor 40. 

[0049] In this way, a setup of torque command value Tc* of the clutch motor 30, target engine-speed 
Ne* of an engine 50, and target torque Te* performs control of the clutch motor 30 and an engine 50 
(steps SI 22 and SI 24). By specifically outputting target rotational frequency Ne* of an engine 50, 
and target torque Te* towards EFIECU70, while outputting torque command value Tc* of the clutch 
motor 30 towards switching CPU91a from control CPU 90 While controlling the clutch motor 30 so 
that the torque outputted by switching CPU91a from the clutch motor 30 becomes value Td*, an 
engine speed controls [ an engine 50 ] an engine 50 by EFIECU70 by value Ne* so that torque 
becomes value Te*. In the example, on account of illustration, although control of the clutch motor 
30 and an engine 50 was indicated as a separate step of this routine, control of the clutch motor 30 by 
switching CPU91a and control of the engine 50 by EFIECU70 are performed separately [ this 
routine ] independently. 

[0050] Control of the clutch motor 30 is performed by the clutch motor control routine illustrated to 
drawing 6 . If this routine is performed, switching CPU91a will first perform processing which 
inputs angle-of-rotation thetae of the crankshaft 56 of a resolver 48 to the engine 50 for angle-of- 
rotation thetad of a driving shaft 22 from a resolver 39 (steps SI 30 and SI 32), and will perform 
processing which asks for electrical angle thetae of the clutch motor 30 from angle-of-rotation thetae 
of both shafts, and thetad (step SI 34). In the example, since the synchronous motor of four pole pairs 
is used as a clutch motor 30, thetac=4 (thetae-thetad) will be calculated. 

[0051] Next, processing which detects the currents Iuc and Ivc which are flowing to U phase and V 
phase of the three phase coil 36 of the clutch motor 30 with the current detectors 95 and 96 is 
performed (step SI 36). Although the current is flowing to the three phase of U, V, and W, since the 
total is zero, it is sufficient if the current which flows to two phases is measured. In this way, 
coordinate transformation (three phase -2 phase-number conversion) is performed using the current 
of the obtained three phase (step SI 38). Coordinate transformation is changing into the current value 
of d shaft of the synchronous motor of a permanent-magnet type, and q shaft, and is performed by 
calculating a degree type (6). Coordinate transformation is performed in the synchronous motor of a 
permanent-magnet type here because it is an amount with the current of d shaft and q shaft essential 
when controlling torque. It is also possible to control from the first with a three phase. 
[0052] 
[Equation 1] 



A/cl 
_Iqc\ 



= V2 



-sin (fit- 120; sin ft- 
- cos( 6b - 1 20) cos fit 



Iuc 
Ivc 



(6) 
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[0053] Next, after changing into a biaxial current value, processing which asks for current command 
value Idc* of each shaft searched for from torque command value Tc* in the clutch motor 30, Iqc*, 
the currents Idc and Iqc that actually flowed on each shaft, and deflection, and calculates the 
electrical-potential-difference command values Vdc and Vqc of each shaft is performed (step SI 40). 
That is, the following formulas (7) are calculated first and then a degree type (8) is calculated. Here, 
Kp 1 and 2 and Ki 1 and 2 are multipliers respectively. These multipliers are adjusted so that the 
property of the motor to apply may be suited. In addition, the electrical-potential-difference 
command values Vdc and Vqc are calculated from the part (the 1st term of the formula (8) right- 
hand side) proportional to deflection deltal with current command value I*, and an accumulated part 
(the 2nd term of the right-hand side) of the past of i batch of deflection deltal. 
[0054] 
[Equation 2] 

Aide = Idc* -Idc 

Alqc = Iqc * —Iqc (7) 

[0055] 
[Equation 3] 

Vdc = Kp\ • Aide + £ /ft" 1 • A Idc 

Vqc = Kp2 ■ Alqc + £ * '2 ■ Alqc (8) 

[0056] Then, coordinate transformation (two phase -3 phase-number conversion) equivalent to the 
inverse transformation of the conversion which performed the electrical-potential-difference 
command value calculated in this way at step SI 38 is performed (step S142), and processing which 
asks for the electrical potential differences Vuc, Vvc, and Vwc actually impressed to the three phase 
coil 36 is performed. It asks for each electrical potential difference by the degree type (9). 
[0057] 
[Equation 4J 

Vdc 
Vqc 

Vwc - -Vuc - Vvc (9) 

[0058] Since actual armature-voltage control is made by the transistor Trl of the 1st drive circuit 91 
thru/or the on-off time amount of Tr6, it carries out PWM control of each transistor Trl thru/or the 
ON time amount of Tr6 so that it may become each electrical-potential-difference command value 
calculated by the formula (9) (step S144). 

[0059] When the signal which the engine speed Nd of a driving shaft 22 is judged to be below the 
threshold Nset at step SI 10, and carries out the lock-up of the clutch motor 30 at step SI 18 is 
outputted, control of the clutch motor 30 turns into control which carries out a lock-up so that the 
outer rotor 32 and the inner rotor 34 of the clutch motor 30 may not rotate relatively. The clutch 
motor control routine specifically illustrated to drawin g 6 as what set torque command value Td* as 
torque command value Tc* of the clutch motor 30 is performed, and it is carried out by passing the 
constant current of the current value which calculated and calculated the current value of each phase 
in the three phase coil 36. 

[0060] Next, control (step SI 20 of drawing 4 ) of an engine 50 is explained. An engine 50 receives 
opening control of the throttle valve 66 by EFIECU70, the fuel-injection control from a fuel injection 
valve 5 1 5 and the ignition control by the ignition plug 62 so that a steady operation condition may be 
carried out on the operation point of target rotational frequency Ne* set up at step SI 16 of drawing 
4 , and target torque Te*. In addition, although an engine 50 cannot be operated only by control by 
EFIECU70 on the operation point of target rotational frequency Ne* and target torque Te* since 
output-torque Te and a rotational frequency Ne change with those load torque, but control of load 
torque, i.e., control of the torque Tc of the clutch motor 30, is needed, control of the torque Tc of this 
clutch motor 30 turns into control of the clutch motor 30 mentioned above. 
[0061] An example of the operation condition of the torque to each shaft when the rotational 
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frequency Nd of a driving shaft 22 is larger than a threshold Nset is shown in drawin g 7 . So that it 
may illustrate and the power Pa revived from the assistant motor 40 which operates as a generator 
may be exactly consumed by the clutch motor 30 and So that the torque Ta to which the torque Tc 
outputted from the clutch motor 30 acts on a driving shaft 22 from the assistant motor 40 may be 
negated and Torque Td (value Td*) may act on a driving shaft 22 in addition By adjusting the torque 
Tc of the clutch motor 30 5 and the operation point (a rotational frequency Ne and torque Te) of an 
engine 50, even if it will be in the condition that the assistant motor 40 is uncontrollable, desired 
power can be outputted to a driving shaft 22. 

[0062] According to the power output unit 20 of the 1st example explained above, even if it will be 
in the condition that the assistant motor 40 is uncontrollable and operates as a generator, the power 
Pa revived by the assistant motor 40 can be consumed by the clutch motor 30. Consequently, since 
the current which flows the impedance (Ra and jomegaLa) when seeing the assistant motor 40 
shown in drawmg_5 as a power source becomes large even if it is rotating at the rotational frequency 
to which the reverse electromotive voltage of the assistant motor 40 becomes higher than the 
withstand voltage of a capacitor 93, by the voltage drop by this impedance, terminal voltage of a 
capacitor 93 can be made under into withstand voltage, and breakage of a capacitor 93 can be 
prevented, and while the driving shaft 22 is rotating at the rotational frequency to which the reverse 
electromotive voltage of the assistant motor 40 becomes higher than the withstand voltage of a 
capacitor 93 While consuming the power Pa revived from the assistant motor 40 by the clutch motor 
30 So that the torque Ta to which the torque Tc outputted from the clutch motor 30 acts on a driving 
shaft 22 from the assistant motor 40 may be negated and the torque of value Td* may act on a 
driving shaft 22 in addition While the torque Tc of the clutch motor 30 and the operation point (a 
rotational frequency Ne and torque Te) of an engine 50 are adjusted and the driving shaft 22 is 
rotating at the rotational frequency not more than it Since it adjusts to the operation point so that the 
power (torque is value Td* at a value Nd for an engine speed) which should be outputted to a driving 
shaft 22 may be outputted from an engine 50 while carrying out the lock-up of the clutch motor 30 
Even when it is in the condition which cannot control the assistant motor 40, desired power can be 
outputted to a driving shaft 22. And since this control is immediately performed when it changes into 
the condition that the assistant motor 40 is uncontrollable, it can make small fluctuation of the torque 
outputted to a driving shaft 22. 

[0063] Moreover, since a dc-battery 94 is separated from the 1st drive circuit 91 and the 2nd drive 
circuit 92 by the system main relays 94a and 94b, overcharge of the dc-battery 94 by the power Pa 
revived by the assistant motor 40 can be prevented, and breakage of the dc-battery 94 produced as a 
result of overcharge can be prevented. 

[0064] When an overcurrent arises in the power output unit 20 of the 1st example in the time of 
detecting the transistor Trl 1 of the 2nd drive circuit 92 thru/or the abnormalities in temperature of 
Trl 6, a transistor Trl 1, or Trl 6 etc., Although a torque control routine shall be performed at the time 
of the abnormalities of drawing^ when switching of the transistor Trl 1 by switching CPU92a 
thru/or Trl 6 is in a still possible condition The time of supply of the power to switching CPU92a 
stopping by cutting of power-source Rhine etc., When it changes into the condition that 
abnormalities arise in the internal logic of switching CPU92a, and switching CPU92a cannot 
operate, a torque control routine can be applied at the time of the abnormalities of drawin g„4 . In this 
case, by halt of actuation of switching CPU92a, since a transistor Trl 1 thru/or Trl 6 become off 
altogether, it becomes unnecessary [ processing of step SI 02 ]. Even when carrying out like this and 
switching CPU92a becomes impossible of operation, above-mentioned effectiveness can be acquired 
and breakage of a capacitor 93 or a dc-battery 94 can be prevented. 

[0065] Even when it was in the condition which cannot control the assistant motor 40, the clutch 
motor 30 and the engine 50 were controlled by the power output unit 20 of the 1st example to output 
the torque according to the amount of treading in of an accelerator pedal 64 to a driving shaft 22, but 
if the clutch motor 30 is controlled to consume the power Pa revived by the assistant motor 40 by the 
clutch motor 30, the torque outputted to a driving shaft 22 is good as any torque. 
1 0066] When the rotational frequency Nd of a driving shaft 22 was larger than a threshold Nset, the 
clutch motor 30 and the engine 50 were controlled by the power output unit 20 of the 1st example to 
consume the power Pa revived by the assistant motor 40 by the clutch motor 30, but also when the 
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rotational frequency Nd of a driving shaft 22 is below the threshold Nset, it is good also as what is 
controlled similarly. 

[0067] Although the clutch motor 30 and the assistant motor 40 were separately attached in the 
driving shaft 22, respectively, you may constitute from a power output unit 20 of the 1st example 
like power output unit 20B which is the modification illustrated to drawin g 8 so that a clutch motor 
and an assistant motor may be united. It explains briefly [ below ] about the configuration of power 
output unit 20B of this modification. Clutch motor 30of power output unit 20B of modification B 
consists of inner rotor 34B combined with the crankshaft 56, and outer rotor 32B combined with the 
driving shaft 22, three phase coil 36B is attached in inner rotor 34B, and permanent magnet 35B is 
inserted in outer rotor 32B so that the magnetic pole by the side of the peripheral face may differ 
from the magnetic pole by the side of inner skin, so that it may illustrate. In addition, although not 
illustrated, between the magnetic pole by the side of the peripheral face of permanent magnet 35B, 
and the magnetic pole by the side of inner skin, the member constituted with non-magnetic material 
is fitted in. On the other hand, assistant motor 40B consists of stators 43 in which outer rotor 32B 
and the three phase coil 44 of this clutch motor 30B were attached. That is, it has composition in 
which outer rotor 32of clutch motor 30B B serves as Rota of assistant motor 40B. In addition, since 
three phase coil 36B is attached in inner rotor 34B combined with the crankshaft 56, the slip ring 38 
which supplies power to three phase coil 36of clutch motor 30B B is attached in the crankshaft 56. 
[0068] It operates like the clutch motor 30 of the above-mentioned power output unit 20 which 
attached the clutch motor 30 and the assistant motor 40 in the driving shaft 22 separately by 
controlling by power output unit 20B of this modification the electrical potential difference 
impressed to three phase coil 36of inner rotor 34B B to the magnetic pole by the side of the inner 
skin of permanent magnet 35B inserted in outer rotor 32B. Moreover, it operates like the assistant 
motor 40 of the power output unit 20 of the 1st example by controlling the electrical potential 
difference impressed to the three phase coil 44 of a stator 43 to the magnetic pole by the side of the 
peripheral face of permanent magnet 35B inserted in outer rotor 32B. Therefore, power output unit 
20B of a modification operates similarly about all actuation of the power output unit 20 of the 1st 
example mentioned above. 

[0069] According to power output unit 20B of such a modification, since outer rotor 32B serves as 
one side of Rota of clutch motor 30B, and Rota of assistant motor 40B, a miniaturization and 
lightweight-izing of power output unit 20B can be attained. 

[0070] Moreover, although the power output unit 20 of the 1st example explained the case where it 
applied to the car of FR mold, it is good also as the configuration carried in the car of FF mold, or a 
configuration carried in the car of a four-flower drive. When it carries in the car of a four-flower 
drive, it becomes like power output unit 20C of the modification illustrated to drawin g 9 . In power 
output unit 20C of this modification, the assistant motor 40 attached in the driving shaft 22 is 
separated from a driving shaft 22, it arranges independently in the rear wheel section of a car, and the 
driving wheels 27 and 29 of the rear wheel section are driven by this assistant motor 40. On the other 
hand, it is combined with the differential gear 24 through the gear 23, and the tip of a driving shaft 
22 drives the driving wheels 26 and 28 of the front-wheel section with this driving shaft 22. It is 
possible to realize the 1st example mentioned above under such a configuration. 
[0071] Although the slip ring 38 which consists of rotation ring 38a and brush 38b as a means of 
communication of the power to the clutch motor 30 was used in the power output unit 20 of the 1st 
example, rotation ring-mercury contact, semi-conductor coupling of magnetic energy, a rotation 
transformer, etc. can also be used. 

[0072] Next, the power output unit 1 10 as the 2nd example of this invention is explained. The block 
diagram in which drawing JO shows the outline configuration of the power output unit 20 of the 2nd 
example, and drawing 1 1 are the block diagrams showing the outline configuration of the car 
incorporating the power output unit 20 of the 2nd example. 

[0073] The car with which the power output unit 1 10 of the 2nd example was incorporated is 
carrying out the same configuration as the car ( drawin g 2 ) with which the power output unit 20 of 
the 1st example was built into the crankshaft 156 except for the point that planetary gear 120, the 
motor MG 1 , and the motor MG 2 are attached instead of [ the clutch motor 30 and the assistant 
motor 40 ], as shown in drawing 1 1 . Therefore, about the same configuration as the power output 
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unit 20 of the 1st example, the sign which applied the value 100 is attached among the configurations 
of the power output unit 1 10 of the 2nd example, and the explanation is omitted. In addition, the sign 
used also by explanation of the power output unit 1 10 of the 2nd example on the occasion of 
explanation of the power output unit 20 of the 1st example unless it showed clearly is used in the 
semantics same as it is. 

[0074] As shown in drawing 10 , the power output unit 1 10 consists of control units 180 which carry 
out drive control of the motor MG 2 attached in the driving shaft 1 12 combined with the ring wheel 
1 22 of the ** motor MG 1 which was able to attach greatly the sun gear 121 of planetary gear 120 
and planetary gear 120 with which the planetary carrier 124 was mechanically combined with the 
crankshaft 156 of an engine 150 and an engine 150 pivotable, and planetary gear 120, and both the 
motors MG1 and MG2. 

[0075] The sun gear 121 combined with the sun gear shaft 125 in the air with which planetary gear 
120 penetrated the shaft center to the crankshaft 156, The ring wheel 122 combined with the 
crankshaft 156 and the driving shaft 1 12 of the same axle, Two or more planetary pinion gears 123 
which revolve around the sun while it is arranged between a sun gear 121 and a ring wheel 122 and 
the periphery of a sun gear 121 is rotated, It consists of planetary carriers 124 which are combined 
with the edge of a crankshaft 156 and support the revolving shaft of each planetary pinion gear 123 
to revolve. In these planetary gear 120, the sun gear shaft 125 combined with the sun gear 121, the 
ring wheel 122, and the planetary carrier 124, respectively, a driving shaft 112, and three shafts of a 
crankshaft 156 are used as the I/O shaft of power, and if the power outputted and inputted among 
three shafts to any 2 shafts is determined, the power outputted and inputted by one residual shaft will 
become settled based on the power outputted and inputted biaxial [ which was determined ]. In 
addition, the detail about I/O of the power to three shafts of these planetary gear 120 is mentioned 
later. 

[0076] A motor MG 1 is constituted as a synchronous motor generator, and is equipped with Rota 

132 which has two or more permanent magnets 135 in a peripheral face, and the stator 133 around 
which the three phase coil 134 which forms rotating magnetic field was wound. Rota 132 is 
combined with the sun gear shaft 125 combined with the sun gear 121 of planetary gear 120. A stator 

133 carries out the laminating of the sheet metal of a non-oriented magnetic steel sheet, is formed, 
and is being fixed to the case 113. This motor MG 1 operates as a motor which carries out the 
rotation drive of Rota 132 by the interaction of the field by the permanent magnet 135, and the field 
formed with the three phase coil 134, and operates as a generator which makes the both ends of the 
three phase coil 134 produce electromotive force by the interaction of the field by the permanent 
magnet 135, and rotation of Rota 132. In addition, the resolver 139 which detects the angle-of- 
rotation thetas is formed in the sun gear shaft 125. 

[0077] A motor MG 2 is constituted as a synchronous motor generator like a motor MG 1, and is 
equipped with Rota 142 which has two or more permanent magnets 145 in a peripheral face, and the 
stator 143 around which the three phase coil 144 which forms rotating magnetic field was wound. 
Rota 142 is combined with the driving shaft 1 12 combined with the ring wheel 122 of planetary gear 
120, and the stator 143 is being fixed to the case 113. The stator 143 of a motor MG 2 also carries 
out the laminating of the sheet metal of a non-oriented magnetic steel sheet, and is formed. It 
operates as a motor or a generator like [ this motor MG 2 ] a motor MG 1. The resolver 149 which 
detects the angle-of-rotation thetad is formed in the driving shaft 1 12. Moreover, the driving shaft 
1 12 is supported to revolve by bearing 1 13a prepared in the case 113. 

[0078] As shown in drawing. JO , the control unit 180 with which the power output unit 1 10 of the 
2nd example is equipped is constituted like the control unit 80 of the power output unit 20 of the 1st 
example. That is, the control unit 180 consists of dc-batteries 194 which are the control CPU 190 and 
the rechargeable battery which control the 1st drive circuit 191 which drives a motor MG 1, the 2nd 
drive circuit 192 which drives a motor MG 2, and both the drive circuit 191,192. In addition, it 
replaces with angle-of-rotation thetae of the crankshaft 56 inputted into the input port of the control 
CPU 90 of the 1st example, and angle-of-rotation thetas of the sun gear shaft 125 from a resolver 
139 is inputted into the input port of the control CPU 190 of the 2nd example. 

[0079] Six transistors Trl-Tr6, and Trl 1-Trl6 from which the 1st and 2nd drive circuits 191,192 as 
well as the 1st [ of the 1st example ] and 2nd drive circuits 91 and 92 constitute a transistor inverter, 
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Feedback diodes D1-D6, and Dl 1-D16 which constitute a three phase bridge rectifier circuit if it is 
off, transistors Trl-Tr6, and Trl 1-Trl6 all It consists of transistors Trl-Tr6 and switching 191a and 
CPUs 192a which controls switching of Trl 1-Trl6. in addition, in the input port of switching 
CPU 191 a of the 1st drive circuit 191 It replaces with angle-of-rotation thetas of a crankshaft 56, 
angle-of-rotation thetad of a driving shaft 22, and the clutch current values Iuc and Ivc. Angle-of- 
rotation thetas of the sun gear shaft 125 from a resolver 139, and the current value Iul of the motor 
MG 1 from two current detectors 195,196, Ivl is inputted. In the input port of switching CPU 192a of 
the 2nd drive circuit 192 It replaces with angle-of-rotation thetas of a crankshaft 56, and the assistant 
current values Iua and Iva, and angle-of-rotation thetad of the driving shaft 1 12 from a resolver 149 
and the current values Iu2 and Iv2 of the motor MG 2 from two current detectors 197,198 are 
inputted. Therefore, the rate of transistors Trl-Tr6 and the ON time amount of Trl 1-Trl6 of making 
a pair by Switching 191a and CPUs 192a is sequentially controlled with control signals SW1 and 
SW2, and if the current which flows in the three phase coil 134,144 is made into a false sine wave by 
PWM control, rotating magnetic field will be formed with the three phase coil 134,144. 
[0080] Next, actuation of the power output unit 1 10 of the 2nd example is explained. The principle 
of operation of the power output unit 1 10 of the 2nd example, especially the principle of torque 
conversion are as follows. When operating an engine 150 on the operation point PI of an engine 
speed Ne and Torque Te and operating a driving shaft 1 12 on the operation point P2 of an engine 
speed Nd which is different although it is the same energy as the energy Pe outputted from this 
engine 1 50, and Torque Td, the case where carry out torque conversion and the power outputted 
from an engine 150 is made to act on a driving shaft 1 12 is considered. The engine 150 at this time, 
the rotational frequency of a driving shaft 1 12, and the relation of torque are shown in draw ing 12 . 
[0081] According to the place which device study teaches, the relation between the rotational 
frequency in three shafts (the sun gear shaft 125, a driving shaft 1 12, and crankshaft 156) combined 
with the sun gear 121, the ring wheel 122, and the planetary carrier 124 of planetary gear 120 or 
torque can be expressed as drawing called the collinear Fig. illustrated to drawin g 13 and d rawin g 
14 , and can be solved geometrically. In addition, the rotational frequency of three shafts and the 
relation of torque to planetary gear 120 are also analyzable in formula by calculating the energy of 
each shaft etc., even if it does not use an above-mentioned collinear Fig. By this example, since 
explanation is easy, it explains using a collinear Fig. 

[0082] The axis of ordinate in drawin g 13 is a rotational frequency shaft of three shafts, and an axis 
of abscissa expresses the ratio of the location of the axis of coordinates of three shafts. That is, when 
the axes of coordinates S and R of the sun gear shaft 125 and a driving shaft 112 are taken to both 
ends, the axis of coordinates C of a crankshaft 156 is defined as a shaft which divides Shaft S and 
Shaft R interiorly to 1 :rho. rho is the ratio of the number of teeth of a sun gear 121 to the number of 
teeth of a ring wheel 122 here, and it is expressed with a degree type (10). 
[0083] 
[Equation 51 

[0084] Now, the engine 1 50 is operated at the rotational frequency Ne, since the case where the 
driving shaft 1 12 is operated at the rotational frequency Nd is considered, the rotational frequency 
Ne of an engine 1 50 can be plotted on the axis of coordinates C of a crankshaft 1 56, and a rotational 
frequency Nd can be plotted on the axis of coordinates R of a driving shaft 1 12. If the straight line 
which passes along both this point is drawn, it can ask for the rotational frequency Ns of the sun gear 
shaft 125 as a rotational frequency expressed on the intersection of this straight line and axis of 
coordinates S. Hereafter, this straight line is called a collinear of operation. In addition, it can ask for 
a rotational frequency Ns by the proportion equation (degree type (11)) using a rotational frequency 
Ne and a rotational frequency Nd. Thus, in planetary gear 120, if it opts for any two rotations among 
three shafts combined with the sun gear 121, the ring wheel 122, and the planetary carrier 124, it will 
opt for one residual rotation based on two rotations for which it opted. 
[0085] 
[Equation 6] 
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Afr= M-(Nr-Ne)^£- (11) 

P 

[0086] Next, the torque Te of an engine 150 is made to act on the drawn collinear of operation 
upwards from drawing Nakashita by making the axis of coordinates C of a crankshaft 156 into line 
of action. Since a collinear of operation can be dealt with as the rigid body at the time of making the 
force as a vector act to torque at this time, the torque Te made to act on an axis of coordinates C is 
separable into the torque Tes on an axis of coordinates S, and the torque Ter on an axis of 
coordinates R with the technique of separation of the force to two parallel different line of action. 
The magnitude of Torque Tes and Ter is expressed by a degree type (12) and (13) at this time. 
[0087] 
[Equation 7] 

Tes= Tex-^— (12) 

Ter - Tex— — (13) 

\ + p 

[0088] What is necessary is just to take balance of the force of a collinear of operation, in order for 
the collinear of operation to be stable in this condition. That is, magnitude is the same as Torque Tes, 
the torque Tm 1 with the opposite sense is made to act, magnitude is the same to resultant force with 
torque and Torque Ter with the opposite sense on an axis of coordinates R in the same magnitude as 
the torque Td which should be outputted to a driving shaft 112, and the sense makes the opposite 
torque Tm2 act on an axis of coordinates S. This torque Tml can act by the motor MG 1, and torque 
Tm2 can be made to act by the motor MG 2. Since torque is made to act on a rotational direction and 
the rotational reverse sense by the motor MG 1 at this time, a motor MG 1 will operate as a generator 
and revives electrical energy Pml expressed with the product of torque Tml and a rotational 
frequency Ns from the sun gear shaft 125. By the motor MG 2, since the direction of torque is the 
same as the direction of rotational, a motor MG 2 operates as a motor and is outputted to a driving 
shaft 1 12 by making into power electrical energy Pm2 expressed by the product of torque Tm2 and a 
rotational frequency Nd. 

[0089] Here, if electrical energy Pml and electrical energy Pm2 are made equal, all the power 
consumed by the motor MG 2 can be revived by the motor MG 1, and it can be provided. What is 
necessary is for that just to make equal the thing which outputs all the inputted energy then the 
energy Pe outputted from an engine 150 since it is good, and energy Pd which should be outputted to 
a driving shaft 112. That is, the energy Pe expressed with the product of Torque Te and a rotational 
frequency Ne and energy Pd expressed with the product of Torque Td and a rotational frequency Nd 
are made equal. If it compares with drawin g 12 , torque conversion will be carried out and the power 
expressed with the torque Te outputted from the engine 150 currently operated on the operation point 
PI and a rotational frequency Ne will be outputted to a driving shaft 1 12 as power expressed with the 
same energy at Torque Td and a rotational frequency Nd. 

[0090] Although the engine speed Ns of the sun gear shaft 125 is a forward value in the collinear 
Fig. shown in dra win g 13 , as shown in the collinear Fig. shown in drawing 14 , it may become a 
negative value at the engine speed Ne of an engine 150, and the engine speed Nd of a driving shaft 
1 12. At this time, by the motor MG 1, since the direction of rotational and the direction where torque 
acts become the same, a motor MG 1 operates as a motor and consumes electrical energy Pml 
expressed by the product of torque Tml and a rotational frequency Ns. On the other hand, by the 
motor MG 2, since the direction of rotational and the direction where torque acts become reverse, a 
motor MG 2 will operate as a generator and will revive electrical energy Pm2 expressed by the 
product of torque Tm2 and a rotational frequency Nd from a driving shaft 112. In this case, if 
electrical energy Pml consumed by the motor MG 1 and electrical energy Pm2 revived by the motor 
MG 2 are made equal, electrical energy Pml consumed by the motor MG 1 can be exactly provided 
by the motor MG 2. 

[0091] As mentioned above, although the fundamental torque conversion in the power output unit 
1 10 of the 2nd example was explained The power outputted from an engine 150 besides the 
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actuation which the power output unit 1 10 of the 2nd example carries out torque conversion of all 
the power outputted from such an engine 150, and is outputted to a driving shaft 1 12 (product of 
Torque Te and a rotational frequency Ne), By adjusting electrical energy Pml revived or consumed 
by the motor MG 1, and electrical energy Pm2 consumed or revived by the motor MG 2 It can 
consider as the actuation which finds out excessive electrical energy and discharges a dc-battery 194, 
or can also consider as various actuation, such as actuation with which the electrical energy running 
short is compensated with the power stored in the dc-battery 194. 

[0092] Also with the power output unit 1 10 of such 2nd example, when a car is in a run state When 
an overcurrent arises in the time of detecting the transistor Trl 1 of the 2nd drive circuit 192 thru/or 
the abnormalities in temperature of Trl6, a transistor Trl 1, or Trl6 etc., When a motor MG 2 cannot 
be controlled to usual, torque control processing can be performed at the time of the same 
abnormalities as the power output unit 20 of the 1st example. Torque control processing is performed 
by the torque control routine at the time of the abnormalities illustrated to drawing 15 at the time of 
the abnormalities in the power output unit 1 10 of the 2nd example. Since step S200 of this routine 
thru/or processing of S210 are the same as step SI 00 of a torque control routine ( drawin g 4 ) thru/or 
processing of SI 10 at the time of the abnormalities of the 1st example, the explanation is omitted. 
[0093] At step S210, when the rotational frequency Nd of a driving shaft 1 12 is larger than a 
threshold Nset It is judged that there is a possibility of the reverse electromotive voltage Em2 of a 
motor MG 2 becoming larger than the withstand voltage of a capacitor 193, and damaging a 
capacitor 193. Processing (step S212 thru/or processing of S216) which sets up torque command 
value Tml * of a motor MG 1, target rotational frequency Ne* of an engine 150, and target torque 
Te* so that a part of electrical energy obtained by the motor MG 2 may be consumed by the motor 
MG 1 is performed. As this processing, the power Pm 2 revived from a motor MG 2 based on the 
rotational frequency Nd of a driving shaft 1 12 is calculated first (step S212). The 1st example ; 
explained the technique of this count, or the technique of derivation. 

[0094] Then, torque command value Tc* of a motor MG 1 is set up by the degree type (14) (step 
S214). Here, among a formula (14), since the 2nd term of the inside of a right-hand-side parenthesis 
is equivalent to the damping torque outputted to a driving shaft 112 from a motor MG 2, the inside of 
a right-hand-side parenthesis serves as torque outputted to a driving shaft 112 from a planetary-gear 
1 20 side so that the damping torque of a motor MG 2 may be negated and the torque of value Td* 
may act on a driving shaft 1 12 in addition. Therefore, torque command value Tml* of the motor MG 
1 set up by the formula (14) becomes the torque as reaction force for outputting above-mentioned 
torque to a driving shaft 1 12 from a planetary-gear 120 side. 
[0095] 

Tml*<-rhox (Td*+Pm2/Nd) - (14) 

[0096] Next, target rotational frequency Ns* of the sun gear shaft 125 is calculated by the degree 
type (15) (step S215). In addition, the minus sign of the right-hand side of a formula (15) is attached 
in order to make the reverse sense rotate the torque outputted from a motor MG 1 in the sun gear 
shaft 125 with which Rota 132 of a motor MG 1 was attached in order to consume the power Pm 2 
revived by the motor MG 2 by the motor MG 1 . 
[0097] 

Ns*<-Pm2/Tml* -(15) 

[0098] And target rotational frequency Ne* of an engine 1 50 and target torque Te* are set up by the 
degree type (16) and the formula (17) (step S216). A formula (16) rotates a driving shaft 1 12 at a 
rotational frequency Nd through planetary gear 120 here. It is the formula which computes the 
rotational frequency of the crankshaft 156 when rotating the sun gear shaft 125 by target rotational 
frequency Ns*. A formula (17) Like a formula (14) So that the damping torque of a motor MG 2 
may be negated and the torque of value Td* may act on a driving shaft 1 12 in addition Since the 
torque (inside of a parenthesis) outputted to a driving shaft 1 12 from a planetary-gear 120 side is 
outputted to a driving shaft 1 12 from a planetary-gear 120 side, it is the formula which searches for 
the torque which should be outputted from an engine 50. The collinear Fig. of this condition is 
shown in drawing 16 . 
[0099] 
[Equation 8] 
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[0 1 00] On the other hand, when the engine speed Nd of a driving shaft 1 1 2 is below the threshold 
Nset at step S210, it judges that there is no possibility of damaging a capacitor 193, and while 
outputting the signal which carries out the lock-up of the motor MG 1 (step S218), target engine- 
speed Ne* of an engine 150 and target torque Te* are set up by the degree type (18) and the formula 
(19) (step S220). Thus, the torque of value Td* can be outputted to a driving shaft 1 12 through 
planetary gear 120 by setting up. In addition, therefore only copper loss and the iron loss of power 
required to carry out the lock-up of the motor MG 1 are small, and it can be provided with the power 
revived by the motor MG 2. The collinear Fig. of this condition is shown in drawin g 17 . 
[0101] 
[Equation 9] 

Ne* < —xNd (18) 

7i*<-(l+p)x 7d* (19) 

[0102] In this way, a setup of torque command value Tml * of a motor MG 1, target engine-speed 
Ne* of an engine 150, and target torque Te* performs control of a motor MG 1 and an engine 150 
(steps S222 and S224). By specifically outputting target rotational frequency Ne* of an engine 150, 
and target torque Te* towards EFIECU170, while outputting torque command value Tml* of a 
motor MG 1 towards switching CPU191a from control CPU 190 While controlling a motor MG 1 so 
that the torque outputted by switching CPU191a from a motor MG 1 serves as a value calculated by 
the formula (14) By value Ne*, an engine speed controls [ an engine 150 ] an engine 150 by 
EFIECU170 so that torque becomes value Te*. Although the 2nd example also indicated control of a 
motor MG 1 and an engine 150 as a separate step of this routine on account of illustration, control of 
a motor MG 1 by switching CPU191a and control of the engine 150 by EFIECU170 are performed 
separately [ this routine ] independently. In addition, since control of the engine 150 by EFIECU170 
is the same as control of the engine 50 by EFIECU70 of the 1st example, the explanation is omitted. 
[0103] Control of a motor MG 1 is performed by the clutch motor control routine illustrated to 
drawing 18 . If this routine is performed, first, switching CPU191a will input angle-of-rotation thetas 
of the sun gear shaft 125 from a resolver 139 (step S230), and will perform processing which 
searches for the electrical angle theta 1 of a motor MG 1 from inputted angle-of-rotation thetas (step 
S234). In the 2nd example, since the synchronous motor of four pole pairs is used as a motor MG 1, 
theta l=4thetas will be calculated. 

[0104] And the current detector 195,196 detects the currents Iul and Ivl which are flowing to U 
phase and V phase of the three phase coil 134 of a motor MG 1 (step S236). The operation of the 
same coordinate transformation (step S238) as control ( draw ing 6 ) of the clutch motor 30 of the 1st 
example and the electrical-potential-difference command values Vdl and Vql is performed (step 
S240). Furthermore, backseat label conversion (step S242) of an electrical-potential-difference 
command value is performed, the transistor Trl of the 1st drive circuit 191 thru/or the on-off control 
time amount of Tr6 are found, and PWM control is performed (step S244). These processings are 
completely the same as that of what was performed about the clutch motor 30. 

[0105] According to the power output unit 1 10 of the 2nd example explained above, even if it will be 
in the condition that a motor MG 2 is uncontrollable and operates as a generator, the power Pm 2 
revived by the motor MG 2 can be consumed by the motor MG 1. Consequently, since the current 
which flows the impedance in the motor MG 2 when seeing a motor MG 2 as a power source and the 
2nd drive circuit 192 becomes large even if it is rotating at the rotational frequency to which the 
reverse electromotive voltage of a motor MG 2 becomes higher than the withstand voltage of a 
capacitor 193, by the voltage drop by this impedance, terminal voltage of a capacitor 193 can be 
made under into withstand voltage, and breakage of a capacitor 193 can be prevented, and while the 
driving shaft 1 12 is rotating at the rotational frequency to which the reverse electromotive voltage of 
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a motor MG 2 becomes higher than the withstand voltage of a capacitor 193 While consuming the 
power Pm 2 revived from a motor MG 2 by the motor MG 1 So that the torque outputted to a driving 
shaft 1 12 through planetary gear 120 may negate the damping torque of a motor MG 2 and Torque 
Td (value Td*) may act on a driving shaft 1 12 in addition While the torque Tml of a motor MG 1 
and the operation point (a rotational frequency Ne and torque Te) of an engine 150 are adjusted and 
the driving shaft 1 12 is rotating at the rotational frequency not more than it Since the operation point 
of an engine 150 is adjusted so that the torque outputted to a driving shaft 1 12 through planetary gear 
120 may become value Td* while carrying out the lock-up of the motor MG 1 Even when it is in the 
condition which cannot control a motor MG 2, desired power can be outputted to a driving shaft 1 12. 
And since this control is immediately performed when it changes into the condition that a motor MG 
2 is uncontrollable, it can make small fluctuation of the torque outputted to a driving shaft 1 12. 
[0106] From the first, since a dc-battery 194 is separated from the 1st drive circuit 91 and the 2nd 
drive circuit 92 by the system main relays 194a and 194b, overcharge of the dc-battery 194 by the 
power Pm 2 revived by the motor MG 2 can be prevented, and breakage of the dc-battery 194 
produced as a result of overcharge can be prevented. 

[0107] When an overcurrent arises in the power output unit 1 10 of the 2nd example in the time of 
detecting the transistor Trl 1 of the 2nd drive circuit 192 thru/or the abnormalities in temperature of 
Trl 6, a transistor Trl 1, or Trl 6 etc., Although a torque control routine shall be performed at the time 
of the abnormalities of drawing 15 when switching of the transistor Trl 1 by switching CPU 192a 
thru/or Trl 6 is in a still possible condition The time of supply of the power to switching CPU 192a 
stopping by cutting of power-source Rhine etc., When it changes into the condition that 
abnormalities arise in the internal logic of switching CPU 192a, and switching CPU 192a cannot 
operate, a torque control routine can be applied at the time of the abnormalities of drawin g 15 . In 
this case, by halt of actuation of switching CPU 192a, since a transistor Trl 1 thru/or Trl 6 become off 
altogether, it becomes unnecessary [ processing of step S202 ]. Even when carrying out like this and 
switching CPU 192a becomes impossible of operation, above-mentioned effectiveness can be 
acquired and breakage of a capacitor 193 or a dc-battery 194 can be prevented. 
[0108] Even when it was in the condition which cannot control a motor MG 2, the motor MG 1 and 
the engine 150 were controlled by the power output unit 1 10 of the 2nd example to output the torque 
according to the amount of treading in of an accelerator pedal 164 to a driving shaft 1 12, but if a 
motor MG 1 is controlled to consume the power Pm 2 revived by the motor MG 2 by the motor MG 
1 , the torque outputted to a driving shaft 1 12 is good as any torque. For example, as shown in the 
collinear Fig. of dravvingj_9 , it is good also as what suspends the fuel injection to an engine 150. In 
this case, what is necessary is to set the value calculated from the power Pm 2 revived by the motor 
MG 2 called for from the rotational frequency Nd of a driving shaft 1 12, and the rotational frequency 
Ns of the sun gear shaft 125 as torque command value Tml* of a motor MG 1, and just to control a 
motor MG 1 to be shown in a degree type (20). In addition, the torque Te which acts on the axis of 
coordinates C in the collinear Fig. of drawin g 19 is torque required to take an engine 1 50 about, and 
Torque Tes and Torque Ter on an axis of coordinates S and an axis of coordinates R are torque 
which acts on an axis of coordinates S and an axis of coordinates R, when Torque Te acts on an axis 
of coordinates C. 
[0109] 

Tml*<-Pm2/Ns - (20) 

[01 10] When the rotational frequency Nd of a driving shaft 1 12 was larger than a threshold Nset, the 
motor MG 1 and the engine 1 50 were controlled by the power output unit 1 10 of the 2nd example to 
consume the power Pm 2 revived by the motor MG 2 by the motor MG 1, but also when the 
rotational frequency Nd of a driving shaft 1 12 is below the threshold Nset, it is good also as what is 
controlled similarly. 

[0111] Although the power output unit 1 10 of the 2nd example explained the case where it applied to 
the car of FR mold, it is good also as the configuration carried in the car of FF mold, or a 
configuration carried in the car of a four-flower drive. When it carries in the car of a four-flower 
drive, it becomes like power output unit 1 10C of the modification illustrated to drawing 20 . In 
power output unit 1 10C of this modification, the motor MG 2 combined with the driving shaft 1 12 is 
separated from a driving shaft 112, it arranges independently in the rear wheel section of a car, and 



JP,2002-017004,A [DETAILED DESCRIPTION] 



Page 19 of 19 



the driving wheel 1 17,1 19 of the rear wheel section is driven by this motor MG 2. On the other hand, 
the power outputted to a ring wheel 122 is transmitted to a differential gear 1 14 through the power 
fetch gear 128 and the power transfer gear 1 1 1 which were attached in the ring wheel 122, and drives 
the driving wheel 1 16,1 18 of the front- wheel section. It is possible to realize the 2nd example 
mentioned above under such a configuration. 

[01 12] Moreover, although planetary gear 120 were used as a 3 shaft type power I/O means in the 
power output unit 1 10 of the 2nd example, a sun gear and another side of one side are good also as a 
thing using double pinion planetary gear equipped with two or more set Mino planetary 2 1 set of 
pinion gears which revolve around the sun while carrying out gear association with a ring wheel, 
carrying out gear association mutually and rotating the periphery of a sun gear. In addition, if the 
power which will be outputted and inputted by one residual shaft based on this determined power if 
the power outputted and inputted by any 2 shafts among three shafts as a 3 shaft type power I/O 
means is determined is determined, what kind of equipment, gear unit, etc. can also use a differential 
gear etc. 

[0113] As mentioned above, although the gestalt of operation of this invention was explained, as for 
this invention, it is needless to say that it can carry out with the gestalt which becomes various within 
limits which are not limited to the gestalt of such operation at all, and do not deviate from the 
summary of this invention. 

[0114] For example, in the power output unit 20 of the 1st example and the power output unit 1 10 of 
the 2nd example which were mentioned above, although the gasoline engine was used as an engine 
50,1 50, various kinds of internal combustion, such as a diesel power plant, a turbine engine, and a jet 
engine, or an external combustion engine can also be used. 

[01 1 5] Moreover, in the power output unit 20 of the 1st example, or the power output unit 1 10 of the 
2nd example, although PM form (permanent magnet form-ermanent Magnet type) synchronous 
motor was used for the clutch motor 30, the assistant motor 40, the motor MG 1, and the motor MG 
2, if a reverse electromotive voltage is generated only by rotating a rotator, what kind of motor may 
be used, for example, a vernier motor, a direct current motor, a superconducting motor, a step motor, 
etc. can also be used. 

[01 16] Or in the power output unit 20 of the 1st example, or the power output unit 1 10 of the 2nd 
example, although the transistor inverter was used as 1st and 2nd drive circuits 91 and 92,191,192, 
an IGBT (insulated-gate bipolar mode transistor; Insulated Gate Bipolar mode Transistor) inverter, 
an electrical-potential-difference PWM (pulse-width-modulation-ulse Width Modulation) inverter, a 
square wave inverter (an electrical-potential-difference form inverter, current form inverter), a 
resonance inverter, etc. can also be used. 

[0117] Moreover, as a dc-battery 94,194, although Pb dc-battery, a NiMH dc-battery, Li dc-battery, 
etc. can be used, it can replace with a dc-battery 94,194 and a capacitor can also be used. 
[0118] Furthermore, although the power Pa and Pm2 revived by the assistant motor 40 or the motor 
MG 2 was consumed by the clutch motor 30 or the motor MG 1 in the power output unit 20 of the 
1st example, or the power output unit 1 10 of the 2nd example The 2nd drive circuit 92 and the 2nd 
drive circuit 192 are connected to electrical loads, such as a compressor of the air conditioner with 
which the motor and car of the auxiliary machinery with which a power output unit is equipped are 
equipped, and resistance for energy expenditure. It is good also as what consumes the power Pa and 
Pm2 revived by the assistant motor 40 or the motor MG 2 with this electrical load. 
[0119] Although each above example explained the case where a power output unit was carried in a 
car, this invention is not limited to this and, in addition to this, can also be carried [ means of 
transportation, such as a vessel and an aircraft, and ] in various industrial machines etc. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the block diagram showing the outline configuration of the power output unit 20 as 
the 1st example of this invention. 

[Drawing 2] It is the block diagram showing the outline configuration of the car incorporating the 
power output unit 20 of the 1st example. 

[Drawing 3] It is a graph for explaining the principle of operation of the power output unit 20 of the 
1st example. 

[Drawing 4] It is the flow chart which illustrates a torque control routine at the time of the 
abnormalities performed by the control device 80 of the 1st example. 

[Drawing 5] It is the equal circuit of the power output unit 20 when seeing a motor MG 2 as a power 
source of electromotive force Ea. 

[Drawing 6] It is the flow chart which illustrates the clutch motor control routine performed by the 
control device 80 of the 1st example. 

[Drawing 7] It is the explanatory view showing an example of the operation condition of the torque 
to each shaft when the rotational frequency Nd of a driving shaft 22 is larger than a threshold Nset. 
[Drawing 8] It is the block diagram showing the outline configuration of power output unit 20B of a 
modification. 

[Drawing 9] It is the block diagram showing the outline configuration of power output unit 20C of 
the modification applied to the four-wheel drive car. 

[Drawing J O] It is the block diagram showing the outline configuration of the power output unit 110 
as the 2nd example of this invention. 

[Drawings! _1J It is the block diagram showing the outline configuration of the car incorporating the 
power output unit 1 10 of the 2nd example. 

[Drawing 1 2] It is a graph for explaining the principle of operation of the power output unit 1 10 of 
the 2nd example. 

[Drawing 13] It is the collinear Fig. showing the rotational frequency of three shafts and the relation 

of torque which were combined with the planetary gear 120 in the 2nd example. 

[Drawing 14] It is the collinear Fig. showing the rotational frequency of three shafts and the relation 

of torque which were combined with the planetary gear 120 in the 2nd example. 

[Drawing. 15] It is the flow chart which illustrates a torque control routine at the time of the 

abnormalities performed by the control device 180 of the 2nd example. 

[Dra_wingJL6] It is a collinear Fig. when carrying out torque control processing at the time of 
abnormalities in the condition that the rotational frequency Nd of a driving shaft 1 12 is larger than a 
threshold Nset. 

[Drawing ! 7] It is a collinear Fig. when the rotational frequency Nd of a driving shaft 1 12 carries out 
torque control processing in the condition below a threshold Nset at the time of abnormalities. 
[Drawing 1_8] It is the flow chart which illustrates the control routine of the motor MG 1 performed 
by the control device 180 of the 2nd example. 

[Drawing 19] It is the collinear Fig. of a modification which suspends the fuel injection to an engine 
150. 

[Drawing 20] It is the block diagram showing the outline configuration of power output unit 1 10C of 
the modification applied to the four-wheel drive car. 
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[Description of Notations] 

20 — Power output unit 

20B, 20C « Power output unit 

22 — Driving shaft 

23 - Gear 

24 — Differential gear 

26 28 — Driving wheel 

27 29 — Driving wheel 
30 -- Clutch motor 

32 ~ Outer rotor 

34 — Inner rotor 

35 — Permanent magnet 

36 — Three phase coil 

38 — Slip ring 

38a — Rotation ring 
38b - Brush 

39 — Resolver 

40 — Assistant motor 

42 - Rota 

43 Stator 

44 — Three phase coil 

45 - Case 

46 — Permanent magnet 

48 — Resolver 

49 — Bearing 

50 — Engine 

51 ~ Fuel injection valve 

52 — Combustion chamber 
54 - Piston 

56 — Crankshaft 
58 — Ignitor 
60 — Distributor 
62 — Ignition plug 

64 — Accelerator pedal 

64a — Accelerator pedal position sensor 

65 — Brake pedal 

65a — Brake-pedal position sensor 

66 — Throttle valve 

67 — Throttle-valve position sensor 

68 — Actuator 
70 - EFIECU 

72 — Inlet-pipe negative pressure sensor 
74 — Coolant temperature sensor 
76 — Rotational frequency sensor 

78 — Angle-of-rotation sensor 

79 — Starting switch 

80 - Control unit 
82 - Shift lever 

84 — Shift position sensor 
90 - Control CPU 
90 a— RAM 

90 b-ROM 

91 — 1st drive circuit 
91a- Switching CPU 
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92 ~ 2nd drive circuit 
92a - Switching CPU 

93 — Capacitor 

94 -- Dc-battery 

94a, 94b — System main relay 

95 96 — Current detector 
97 98 - Current detector 

99 — Remaining capacity detector 
1 1 0 — Power output unit 
1 1 OC ~ Power output unit 
111-- Power transfer gear 

1 12 — Driving shaft 

1 1 3 -- Case 

1 1 3a — Bearing 

1 14 — Differential gear 

1 1 6. 1 1 8 — Driving wheel 

117.119 — Driving wheel 

1 20 — Planetary gear 

1 2 1 — Sun gear 

122 — Ring wheel 

123 — Planetary pinion gear 

124 — Planetary carrier 

125 — Sun gear shaft 
128 — Power fetch gear 

132 - Rota 

133 -- Stator 

134 — Three phase coil 

135 — Permanent magnet 
139 — Resolver 

1 42 -- Rota 

143 ~ Stator 

144 — Three phase coil 

145 — Permanent magnet 

149 — Resolver 

1 50 — Engine 
156 -- Crankshaft 

1 64 — Accelerator pedal 
170 - EFIECU 
180 - Control unit 

190 - Control CPU 

191 — 1st drive circuit 
191a- Switching CPU 

192 — 2nd drive circuit 
192a - Switching CPU 

193 — Capacitor 

1 94 — Dc-battery 

194a, 194b — System main relay 
195,196 — Current detector 
197,198 - Current detector 
D1-D6 - Diode 
D11-D16- Diode 
LI, L2 — Power-source Rhine 
MG1 - Motor 
MG2 - Motor 
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Trl-Tr6 — Transistor 
Trl 1-Trl6 — Transistor 
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y7h^-^40(Da-^42, jS^TttKlMft 2 2 l£ 
««WK»S^£ft-t>>Si Lf:^ot v xyv?y5 0i: 

PPe— ^3 0, 4 O-^oBl^^ffiBS^w^^ 

5 0*^^7^'>t7 h 5 6l£ffi;fc£ft*:*ll h/Witf 
^ 7 y^*r—# 30O7^n-^3 2*3 J:t>V W*n 

' — # 3 4*:4M,TBMMtt.2 2(Cffl*Stt, 7^h^~ 
* 4 h/^a*rftKiaD®S£ft<5 

[0 0 2 6] 7^ h*-? 4 on ii*^>3k^«^a! 

*3 0fi, ?1c^3 5S:tt57!>^D-^3 2t) = 
*B=a>fyU3 6 4rfflt^fe-r — ^ 3 4 t N * Glutei" 

5J:5*J*i*Jh/C^4. ^CT\ ^7jyfW30O 

3 0W7^^p-^3 2fi^7V^v/^7 h5 6i:, 
yfn-^ 3 4ttiEK)tt2 2 $ft-t*5*K T 

20 tawu^, r^^a^3 5j4, mimmMx&8m 

(N« f SC*S#4fl) RW-bftT*3!K 7^d-^ 
3 2CDrtJlffi^|A#$ttTl/^o ^(DMit^m*? 7 y 
— # 3 0 tfDf&^'L^fo]?^ 5 ^"fpJ'Cfe 9 N D*5#^ 

^^*lp]«iSf^#iC4oT^e o C^ 7 1<^a^3 5 
M^fc^s/^liiJ: !9*ffRJi-6^ — * 3 4<7)H*B 

= >f/U3 6f4, -f^o — ^ 3 4{CiS!ft fcftfc'tH 2 ffl 

30 t6o =ft=i>f/U3 6^ft ^y^yyy^38^ 

y^v^^ss^ mm$&2 2fcH*s^fciHitey y^,3 

8 a ^7'>3 8 b ^^e>»ja3?ttTl^o **3x Hffl 

(u, v, w*b) oeis^r-^ipBi^-rs^^iw, > 
8 b k&mmzthx^Zo 

[0027] mnfoiKmE 3 5 frmfc-tzm 

Wt. -f >"^-n — ^ 3 4 ra(tbnfc3^^/U3 6 jftS 

40 2 — ^ 3 4 £tt3t>irO^<5!¥ ^^^fo iiS 

f±, Hffi^^/i-3 6 Jcj?E-rHffi2as«OJBJR*tt, 
^'>t7h5 6 ^B:8$tl/c7!)^D-^ 3 2<D[H]^» 

<t-r>"^n-^ 3 4<D\*\W$kt<Dm 
[0028] ^ 7 y^^e— ^ 3 O&XlfTi/* b 

2 (nmm^ 92h Pjig»[H3Sg 9 1, 9 2 Srffi|»-r 5 

jo aaicpu9o^ i^sit*fc5^77y 94^^ 
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M^titl^o PCPU90lt'lf^^^n 
/Pirytt'fc^ F^lC, !7-^ffl(DRAM9 0a, 

dU^-fr-T) & XXfE F I E CU 7 0 ^ilff Srffft ? > 

g0e. uyVu/<4 8^e><E>|g8j$S2 2(D[Hl6ftg0 
d, T ^ir/i^^tff^v' a >ir^ih6 4 a frh<D7? 

P, >7 h/Ki/v^a yirVf-8 4 frh<D\/~7 h#i?i/B 

9 9/6^(D^SBRM^^ii^ A^^-h^lTA^ 
£*VC^5 0 &*S, m®mtkth%59 9te, '<yTD 9 4 

[0 0 2 9 ] WCPU9 0H mi<vmw)\E}$& 
9 lioJ;t>*m2cr)|gtJ][p]S§9 2^{fx.^m^-r5^^ y 

PUJ 9 1a, 9 2 a fcaifStCj: ^—^ffiUffil 

[0 0 3 0] m 1 ^lEfblHlSg 9 1 tt, vf-ispm* 
X£><5 6<@cO h7y^^T r 1 *V^LT r 6 fc\ 6i 

^IT r 6 (£>;W y^^^y^-T^*^ j/f^CP 
r 6 fit. h^y^^-f Wn-^^WI 

(uvw) 3 6tD#^^, ^y^yuy^38^tT 

r 6 m«:»a^>r a-— kd i 4pud 6 a*»9f*«-e>ix 

T*3t) x h7>^^T r l^PlTr 6 ^i"^T^-^ 

e^I///^4 8d»b<arafttt2 2<D\E\fci%Jgd 
d, 2otom^^ai§ff9 5, 9 6?5^0^7yflII 
Iuc, I vc^t^^-h, h7^^T 
r 1 ^^LT r 6 &*- > *s*'7TZ>ffl&fe * S W 1 ^rttS^l 
1-5ttJ2j#-- hS:«;L5. 117^^11, L2(l 

tlX^Zfrh. ^>fyf^CPU91allJ;W^ 
th7^7^T r li^LT r 6 (D^r>^f^(DW^%: 
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JO 

[0 0 3 1] jg 2 £>iggbm&g 9 2^. y^^m^r 
X£>6 6fll£> h7^^T rlli^LTrl6i, 
6i^t-KDll4^UD16t, h7^^ 
T r 1 1 4^1T r 1 6 <D^4 y^^/P&Wftt*** 

tb[H]^9 2(0 6^(0 h ^^v^^T r 1 l^^LTr 1 
10 6t h7^>^W^-^*ijjUfc!3, 

tt v ^ 1 cOlgfblH]^ 9 1 ^l^^tCgEe^^xT^Ts 
ft-t h7>^^<7)gfeSll 7^h*-^4 0OE 

i?*?T ill fe^UT r 1 6 l^t»3B^^-»- KD 1 

9 1 h7V^#T r 1 l^Ur 1 6 

7f>^CPU9 2ak lf-y^^f ^ n^nir 

-^ffl^RAM, 7^ — $ 4 O^igftSlj^l^O^ 0 
n^-k&IEtSLfcROM, 1/^3 9 fah<D^sis 
. >- 5 0 (D{eJfe£g: 9e^2 O^H^^ 9 7, 9 8^ 
h<DT is?* VmMm I u a , I v a £ A^i" 5 A^*K- 

K h7^^T r l i /jr^UT r l 6 ^^r^yf- 
S«HP«*SW2S:HJ*i"Sffi*sK- hSr«±-6o Lfc 

^oX, ^-f PU 9 2 a ICJ; 19 ^/^t h 7 

y^^Tr 1 1 ft^LT r 1 6 <D*>-!l$ffl OWfrfcffl 
Wff SW2ia #a</U4 4{CffitL$ 

lS7^yLlH2^HHft mJBE^r¥?t{b-rS/h 

46; -•^/I't-^y^^^T^ ^ >f y j) 9 4 a , 

9 4 b ICJ: 9^7^ >L 1 , L 2 tSS«SttT*3 9 , 
:(D^rA>-{y!J 9 4 a , 9 4 b fi, ffiUWC P 

[0032] £x±mi&&mw L7tfg 1 mmm<D#iMtit> 

il^Xfe^o ^y^y50^EF I ECU70CJ:I3I 
xyi?y 5 0^)(h16»N e d^gf^lHlfiftN 1 
XlEl^LX^^ ir-T^o ^C0^#> ^yf^CPU 
9 1a yy>y y^3 8^lt^ 7 y^—f 3 

0(OE||^^^3 6(C{pI^m^^^LX^^l^-rtt 
tf, «^>f y^CPU9 1 a^btil^^^ 
BKBtSWl 9 h7^^T r 1, 3, 5^r^- 
7Hh7^^Tr2, 4, 6 Sr^i L 

50 -rtttf, Htt=»>r /V3 6tmfpi^com^t>^^^^ 
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-^34 tnmmm^<^^tix^^^mt^ 

[0 0 3 3] X-Y yf y^CPU9 1 a ^^OO^iJWf-^- 

swiia^ h7^^^tyt7»t5h 

2 2 <D\ElfcmN d t (Dm^i (W^^Z-tl&, ^7*^ 

— ? 3 Old&tt^T^ u— ^ 3 2 ^yfD-^ 3 4 
OHiraiN c (Ne'-Nd) ) i^CT, t 7 V^=Z 

— 9 3 0(DHffl=«-r/U3 6 I^^S^^u ^77 

f^-^3oiiiii^i-ci«iu m^^^iomK) 

Z> 0 Z<Dk%, 7Wo-^32^yto-^34i: 
34fi N ni^v^S 0O[H]«Ne (i^7^^7h 

P U 9 2 a 2 (DmW)\E\$& 9 2 CO h 7 ^ Hrl 
4 OiCjo^T h^^^^^-T5o 

[0 0 3 4] IU3(rBB^^^ O^lHl^N 
1, h/l^T 1 (DW&tf'f > b P 1T*jP!ELT^5££ 
^7^^- * 3 Ot::£ 19 hA^T 1 £rlEft$i2 2 
Cim^-f 6 £#fc:fB*SG l -CSfeSttS^/V'^SrlE]*: 

*/is*cb LTTi/xh^-^ 4 OKfly&l-SC^lwJ: 
D . ^fbtt 2 2 SrlaHEft N 2 , h/^T2 <Z)3H£#^ V 
hP 2TiUte£i3:5:: ^st*#5t0r*W o 
[0 0 3 5] xy^y5 0«|Ne«(D 

[H]^N2T* h/^Te h/^^T2-e31te^nT*3 
" «9 , mm%& 2 2 ^[DfetN 2 X V ftStel&N 1 TfH] 

TlHl^^Nc (Ne-Nd) (D$>ttmx^ $ 
^T-iE»]tt2 2^)[U^^]{c:[E]^-r^^^ x ^7 

3 Ofi, il^co^e- * £ LTSSfEU ^s^y 9 4 

^b^m^i-J: vwmm2 2\z^^/u^^^^^ 0 

—Jj. ^^f y f y^C P U 9 2 a IIJ; 7^ h^-^ 
4 0\^£^Xm,J]f)m$l£thZ>£o h7>"^^T r 1 
l^^lTr 1 6^tyt7MWt5^> 7v/^ h^r — 
9 4 OtOo-^ 4 2 k^'T — Z 4 3 <h cohort t> t-ct 9 

^e-* 4 0 irj: [Hl^^ixem^^^ y s/ 5^e— * 3 0 

h7^^T r 1 ftl^LT r 6 ^l^^'7%Wtf^ 
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72 

m^J £JB v ^ 5 C <ir * < Hibf 5 C <b #-e# 5 Q 
[0 0 3 6] B3I^BH6*tf, x^V5 O^IU^N 

2, h/^T2T*ieui/^^l:, RKG 1 2: W 
G 3 kcofak LTSb$tlS^;U^|r^ 7 j/*-*— * 
3 0fc«*LT«MS2 2 1c b^*T2i:mJ3-rZ>k& 

70 2£rHMEgtNl I h^Tlcolfi^yhP2t[E]te 

[0 0 3 7] fc*5 % fg 1 HlfiW(Dib^ffl*3S« 2 OT* 

£ h/i^S»UTiE«jftll2 2{ctB*"rS»f^Offil^s ^ 
0 a> 6 ttta (h/^Tei:[Hl6SN 

e^o^) fyyVe—* 3 0^J:9BI**fcf4?H 
[0 0 3 8]fc *WdS*^«tlBJwfcS4:#^ fg2 

COl£Ib[e]3&9 2 (7^ h^^v^^T r 1 1 4l\LT r 1 6 

totBMAmtkm^ftt^^ b?^i?**T rii 
ffioisi tco v > x in 4 tcw^r-r 5 ^^0^ h /i- ^ mm^— s 

^ih^ P, <Dt£ ^mM&mZg 97, 98{^J:«9^ffi$^ 
57'^ hmffic I u a , I v a /«C ^<D{S-§rt^S<5V^T^ 
f yfy^CPU9 2 a tlff^^i^L^^SSW 

[0 0 3 9] — ^yfcMfTZti&k, WSI8 0 
OWCPU9 0H *f v ^yf!)9 4S:«St6fc 
^{^i/^-rix^ -Y u— 9 4a, 94b k IT 

^^7!) 9 4 k m 1 o^ibiHi^ 9 1 & &xf%$ 2 <omW)\3i 
&s 2k&mm-rz> i^f^sioo) . tut, & 

40 2(Digfb[H]3&9 2 CO h 7 >i?X#T r 1 1 ^^UT r 1 
6coi~-<T^^7^i-^ Ufy7'S 102) 0 ^ftrift 
MCPU90^^^yf^CPU9 2al: 
ipJttT h7^^T rll6^lTrl6 cOi~-<T^: 

k-rzm^z&tii^ iM§<it^^>fyf^ 

CPU9 2aniMftSW2^^t^Itfa^ h 
7^^^^T r 1 lft^LTr 1 6 co-r^T^r^-^-r^ 
COT'fe^o -^ct 5tC h7^^T r 1 1 i^lT r 
1 6 C0i"-<T^^-7 ttii:, » 2 C0|g»3{E]S§ 9 2 fl, 

# V7z/v*#\zmfthtitz.ffim?'<*- kd 1 

50 LD16ia^ffiMlS(H]^MU 
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mmmshmt \*xm&ztiitTi/x h*- *4 oj±, % 

[0 0 4 0] IV^t, T ^ir/U^^/UzKi^> 3 >i? 

tab U7J//S10 4) , T 4 fial^ 

#^tH^ h/i^ 19 fcl^ £48 Ctz t # *l5 

tb$*2 2 (cfcfcj h/i^) {-^iCi-^^OT^^o JO 

a Hc^r^ai-r^^^fi 1 ^^ (^f^rsioe) fl s 

UROM9 0 b ^f2tgLT:&^ T ^ ir/U^/i' 
tK^>3 >AP^g^^^tt5 t. ROM9 0bi-lSlt 

[0 0 4 1] ftd, RUM 2 2 (Z)[El^ifi:N d 

Uf^sio8) , m^Asfd\B\fcmN d%mmN 

s e t ttfc&irZ ) (T^r^/S 110) 0 r CT\ fgSb 
16 2 2(^(1]^^:N d fi N uyVuvM 8 d£ Vfe&ZtlZ 
mW)$& 2 2«M0 d^f)*^5C bfcT^&o £ 
/"C lifiSN s e t ta N 7^ h^e — ^ 4 0 <7}i£©mEEE 
a ^=i>x>-^9 3<DmW>E.tteZ>ti— # 4 2 COtEj^S 

P a =E a • I a =E a • (E a -V) 
Ea=4. 4 4 k n f tf> 
[0 0 44] Ti/*V*-?A0\Z.±Vm$LtSthZ>mjj 

P a £r>Hfct}r<5 £s ft* (3) (rj; 9 ^^^-^3 

4) 0 r * (3) ^52^2^^ N 7^ h^e 

— * 4 0^^|g»j#2 2^dj^|$tb'5$'Jib h/W^fCffi^ 

1-<5^<7)-e£>£ 0 r^^l:^^^-^ 3 oco h/i- 

[0 0 4 5] 

Tc*<-Td* + Pa/Nd ••• (3) 

[0 0 4 6] ft^ ft* (4) ^Jztf* (5) XC&<0^- 

Uf^S 1 1 6) o * (4) <D 

*i2!g23Sfi x T^* h^e-* 4 o\zx vm±£tiz>m 

Tx * (4) T'ff^tbSffiSrrn^C^S 0<DBWM&i 



2002-17004 

* [0 0 4 2] Wm$& 2 2 (DIE&mN d ^giffiN setj; 
t)^^V^#i-fis Tis* h^E— * 4 0(^iS^mJEE a 
^n^^^i^g 3(Dl^mjEJ: t 9^:#< ^ot^yfyf 

9 S^^a^-dr^^^rtb^fe^^^j^L^ 7^ h^e- 
-^3 0 fwj: 0 tHR-*"* «fc 5 * 7 y*-*— * 3 0^)h/u 

^Ja^ffiT c * t^y^yS O<7)ll0aNe **3<fc 
^IIF/^Te * ^Ix^-T^^SI (7t^^S 112 

£i\ mm%&2 2co(HifegcNdics^^Trv'^ h 

4 0^f,[l]i^51^P a ^ftftS UTS' 
1 1 2) 0 iWltli, ig®)$i2 2C0^[E]^Nd 
^LT7'>7 h^e-^ 7 4 0^blHfeStb5«*P a fc 
"f-feHlfclcJ: mfctbT-vy^h ITROM 9 0 bfclEtB 
Ui3§, KSNdri^ttl6^ ROM9 0 b 

irfEtg Lfc^ y-ffrh r (OEKsSlcN d t£*tt5i-6«* P 

a&*u-r*fcG>fc ut#. ft* (1) i^j: 9Hffi-r6 

t)©i:Ut>J:i/\ * (1) ^ x V^^^^^i^g 3^ 

WBJEJ; fJ^^iSl^EE-Cfe?), R a te&n j o> L a « 
7^ h^e-^ 4 O^rfim^E a (D^Ut LX^tct^ 
(DTi/X V=£—? 4 0 $0 £XfW> 2 <omW)^\$& 9 2<D«( V 
^>-^T-$>6o Tis* b^ — f 4 0 ^r^ll^E a (^) 
m^^r LT^fct #^®J^tti^^©2 0CD^{ffi[p]g§^lgl 
5 ^^-T 0 /^^b\ T->^ h^e— ^ 4 0(Oi^iBmJEE a 
f*. * (2) (cj: 0*aOSCt^-e#5 o ^ (2) + x 

[0 0 4 3] 

/ (Ra + j w La) - (l) 

- (2) 

0 <DmfcWx&>z>^isi/i/ 5 0^tE]^i&:N e ^|gt(j#2 
2c7)[Hlte^:Nd ^(7){e]^^^n c ^r-P a/Tc * ^ 

Lx h^e— * 4 O^J: !9[Hl^^tt5m^P a £^ 

^/c. * (5) t^^-rj:5(-> ^^yso^llh^ 

^Te *{C^7^^^e — ^ 3 0(7) h^MTc 

[0 0 4 7] Ne *<-Nd~P a/Nd (4) 
T e *<-T c * ••• (5) 

[0 0 4 8] — ^ N ^r^/^SllO T'l^Sbfi 2 2 (D\e] 
*s3SNd*sHffl[N s e tJEJLT^i:#^ttx ^>x>if9 

/S118) . m^^^5 0Oi8&[HME»N e * t @^ 
h/^Te *cVJr|gaf6 2 2cO[£l|cg:Nd t h^^Jg^ 

Hd * tzmfe-rz (x^yys 120) „ 5 
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15 



16 



Z>frb'h£<* h^*-* 4 Olr J;oT[H)££;ft& 

[0 0 4 9] r 5 LT^ 7 yf*-^ 3 0«) 
it T c *^>v ? >5 0<D@^|[H]tei£N e * , @^ h/U 
^Te*^tt5^ ^7^^-^ 3 0 jo&tfi=-> 
0<PfPJ»*fT*5 Ufy^S 1 2 2^J;t;si 
2 4) 0 Aftcftfcte, $WCPU9 0^^^5/fy^ 
CPU 9 1 a dfattT^ 9 .5^*—* 3 0<7} h/t-^fg^ 70 
ITc *^^t^^*HEF I ECU 7 0 l^fartT^- 
lsl»5 OOSaHHEftNe *t@gh^Te*.^ 

ttlAt5Ci:li«J; *K ^>fj/f^CPU9 l al:«to 

^45^9^7^^ 3 OWt^^CEF I 
ECU 7 0HJ:oT^y^5 0 ^EMEft^ttN e * 
h/w^HtT e *^^5J:^>^^5 0 £r$!l#p-r5£) 

7 3 0 £)$!K£p <h E FIECU70 {C^Z^f 

[0 0 5 0] ?y y^e— * 3 0 OfHffltt* HI 6 lut^ 

- 120; 

120) 



r/c/c"j _ ^ |~- sin f6fc - 1 
j_/<7cj v |_— cos(££- - 1 



e ^U^/W<3 VfrbKjrrZ>®M*ftft^ (XT?-? 
S130, S13 2) , ^7yW-^3O^)1^0 
c4rWtt£>HHEftge e, 0 da*b:#fe6MS£fr#? 
Ufy^S13 4) o HJEW"ett. ^7 2/^—* 3 
0 LT4K«itI^^TV^^b, 0.c = 
4 (fle-fld) 

[0 0 5 1] tfcK. ««E«ltt;ag9 5, 9 6 J: *9 . ^9 
rx^— * 3 0<DHf@^ ^3 6 (DUfek Vf§lw?5tc;*XT 
i/^Igl uc, I v c SrSlffl-rs^lfSSrff*^ 

136) 0 «iffi«u, v, weoHffifcfflctvo^S 

s) 0 ffiaiKifittx ac^as^aiwraMmttwodtt, q 

tt^lM^t^Ctt^^ (6) S:Si»l- 

<o mat a* . h ^ * * -r 5 ± -e#«w # * a » & -c *> 

[0 0 5 2] 



sin&: 
cosCt: 



7f/c 
Ivc 



(6) 



[0 0 5 3] 2(Ho*j!K»j:SetftUfca, 
6#tt^«acJS^ffli d c *, I q c * ^HBS^-ft&frSc 

d c, I q c tffiSISrJftfc, «-tt^«BEffi^ 
ffiVdc, Vq c£r*#> Z>®>M%: ftteo (^7j/7 p Sl 
4 0) o rfc*>*>. SfKT©a (7) <0«W«:fTfc 

i/\ #ci;L#5fc (8) <ojsaESrfT*5^-efcSo - wT\ 

A/*/c = /l/c * — Ida 
A/qc = 7<yc * — Iqc 



**3. mJBEfit^ttV d c , Vqcft WSKJU^ffi 
I * k (DMizk A I fcifcflH-SSM* (* (8) ^iZ2mi 
^1) ktmMA I CO i tEl^^ii^^^a^ (*iZ2fl2JS) 

[0 0 5 4] 
[»2] 



(7) 



[0 0 5 5] 
[&3] 

^c/c = A/;l • AA/c + J] AVI • A/c/c 
Vqc = Ay;2 - A/qc + £ A72 ■ A/</c 



(8) 



[0 0 5 6] *r<0|g, C 5 LT^^JtmJE^fiS^^^ 

>>:/S 1 3 8 T-ff^ofc»»[:ffi^t5l« 

cos ft: 

cos(ft:- 120) 

Fire - —Vuc — Vvc 



~Vuc 




Vvc 





40 



«r=ft=i>f/W3 6 I^MDtSlEV u c, Vvc, 
Vwc^^^ff/^o #lEte, (9) \Z 

[0 0 5 7] 
[^4] 



- sinOc 
-sin(6L - 120) 



Vdc 
Vqc 



(9) 
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[0 0 5 8] URattEEffiflPtt* m 1 ^iE«3[USS 9 1 <D 
Yy^i>*?T r 1 ft^LT r 6 <D$T>'zt7 r $$ffnl\Z.J: «9 

KZtiZfrbs «: (9) I^J:.oT*i6fc#«E»*||[fc 

[0 0 5 9] ^TyZfS 1 1 0-CiElb*[|2 2(D[e3^^N 

d^mffiN s e t uTtmrnzti, ^r^ysnst 

/cir #(^fi, ^7 y^e— * 3 O^J^Pte. ^-7$/^ 
-^30(^7^0-^32 fcW yfP- ^ 3 4 ir^ffi 70 

r k\z£^x?rt££>tiZ> 0 

[0 0 6 0] <{k\Z, xy^ys 0<£>M#P (0 4^rs/ 
7 P S120) twO^Ttft^1-6 0 IU4 
^f^Sl 16t^^tlfcgIH]6SNe **5j: 

EF I ECU7 0\^£Z>*v y h/U/</U7*6 6 

<nmmmm, mmmm^s l^h^mmmmm, 

e fc^aCibi-S^fe, EF I ECU 7 0\ZL£Z>fflffltltt 
Xte S «HHESN e * *3 <fc g T e * O^g/K 

CtO^ 7 >yf ^-^ 3 h/U^ T c (Dill 
14. tffSiLfc.* 7 7^e— * 3 O^ftOWir^S, 30 
[0 0 6 1] RgblA 2 2 O0|i3SN d ^BJfflN s e t J: 

h^e— * 4 0^blHl±S^6«*P a j&STff* 7 7^ 

* 3 0^btB^^^5 h/U^T c^Ti/^ h^e-^ 4 0 
ft* & RIM 2 2fcfpffi-TS h^Ta UT**3 
IEib^2 2(r h/U^T d (tTd*) WffltSi^ 
7 7^—^ 3 0(O h/l^T c^JlU^Vv^S 0<Dil 

[0062] $x±mm Ltcm 1 mmm<oS}t>mt)mm 2 

9(H]3l£*l5m^P a 7 7^*—* 3 OlUoti 
Ut i,X^tct^(D4 yt'-^y^ (Ra^jcoLa) 50 



ftffi 2002-17004 
E*ii:f5C^:^T^, n^7^^ 9 3<D&tI£:l»Jh 

ts:HK*#5 0 7^ h^e— * 4 OCOiS?® 

»tt2 2dS|H]*sLT^S£#Kf4, 7^h^-^4 0 
ft^lel^^^S^;^ Pa^^7 s/^e— * 3 0(IJ;oT 

nc^7'^ ^4 0ft*ibigSj(ft2 2tc^-r$ 
h/U*T a fcJTt>MUT**3WKl«l2 2|ltTd * CO h 

^^^fflt^J: 5^7 y^e— ^ 3 0(D h/i^-T cio 
it^^-VS 0O3ME#>f ^ h ((HERN e t VfV$ 
Te) SrSBSEU K»» 2 2 dS*n«TO|lie*TiaC 
LTV^ttCttx ^7 ^f 1 ^ — * 3 0£n ^7 7^ 

4 0»T'^^«(O^fk IMM* 2 2 KBrS 

r^* h*— * 4 o^ij^-e#^^«^^^o^i:#^ 

[0 0 6 3] ^>77 9 4 ^i/T^J^-f > !^ 1/ 

-9 4 a, 9 4 btcj: 19^1 C0RKHHK9 iioJ:U?^2 

t-j:^ii]^$^6m^p a la^^^rii 9 4<Di&3tm 

[0 0 6 4] »iHif6^!l^ib*ffl^3S«2 om ^2 

(DmW)\El8&9 2(D h7>-i>*#T r 1 1 ^^LT r 1 6 
^gM^tUU^^^^^Tr 1 1^^ 
IT r 1 6 t^mffifctttfr k % t£ h\ *^y*f-yJfC 
PU92alIJ:6 h7^^Tr ll4l>lTr 16 

v^Sr/^if^j: ^^-f yfy^CPU9 2 a ^(om^i 

cx^f y f y^c P U 9 2 a/^ 
Bf^ T?# *v ^tt kteotikZte iflz t> m 4 o*»^f h 

^-f j/fy^CPU9 2 a (Dibf^^lktd iot h7^ 
i/^^T r 1 l^l/^LTr 1 6 t4i~-<T^7 t * ^> fa 

^T7/S l 0 2(D^^f4^F^ir^^> 0 

^-f y^CPU 9 2 a ^B^fg^4o^t # 
^<7^y 9 4^«»SrB5ih-r5^i:ft s T-#S Q 

[o o 6 s] miMM^<om^mti^m2 om ru 

®j$4 2 2t-ffi^i"5 cfc 5 ^ 7 7^-^ 3 0 txy-zy 
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19 

5 0 tSrWJlPLfcdS, T*s* h*-*4 0 fc: J: 9 EI£ S 

[0 0 6 6] |g l HJ6«oB^ttJ*3$« 2 0 -m. IE®] 
i&2 2 0[|](ERNddSfiM£N s e t £ 9 1^ £ £ liLT 
h 5 *— * 4 Old J: ^[H]^^tt5®^P a £^ 7 3^ 

^e— ^ 3 0T?M*i-5 «t 5 * v 3 0 k^fis 

y50i frMHi IKtbtA 2 2 oEigicN d ^EHffi 

n s e t&T<Dh*\^hmm^Mm-fz>h<Dt urt £ ^ 

[0 0 6 7] ^1 HJ6«l<7)|(|^a^3Sa 2 0 Ttt. * 7 

-y^— * 3 o^r^ h^e-* 4 o i**ft*h,BM 

2 2 9 fl-rtfcas. m 8 ^«*i"5SE*w-e 

fcSftrtfcHrt3£«2 oboJ: ^?yf*-^ir 

0 BO^ 9 yf^- * 3 0 Btt, ^7^'>t7h56 
I^L^ytn-^34Bh lEBK] 2 2 Clig^ L 2/? 

tz.T*?$ 3 2B ir^fefltaRSiV 

4 BfC*±Hffi = ^/^3 6 BrtSffiOttf+fctVCiSfl , TV 

2Bid«7i<^^^3 5 b^o^mjo^ 

« rt H ffi « O «« s6 s » ft S J: 5 « «) a * *t T l ^ 5 . 
ft*3, HI^Lftl^ MII3 5B^®W(I 

£ffi3^>4 4ri^9tttt^fr/S:;*7 L — ^ 4 3 
hmi&Zfoho -Tft^^> ^77f^30BO7!) J0 
* u — * 3 2B^7'>7 h^e — ? 4 OB^n-^^fia 
5»J5Jc£ftoT^5 0 ft^b\ ^7^^7h56(^ 

»te>iX"Cl^^e>, ^7 5/^-^3 0 605^=1^/1/ 
3 6 BlctASrftfttS^ !) y^!) 811, ^ 7 > 

->t7 h 5 6 Df+tt bttT^^o 

[0 0 6 8] ro^^oBj^tB^SB2 o Btil r 

£^ P— * 3 2 Bf£«fc&*;h,fc*iUE^3 5 BOf*)Jl 
MijoeSl-2* LT-Y ? 3 4 BOH^@^>f yj/3 

-^3 0 t7i/^ h^e-^ 4 0 ££riggj$A 2 2t^SUfi{- 
St 9 f+tt7U!(r&ott;&ffi;fc3£fi 200^7 5^*— * 3 

0 RJ«^Blf^-t*5 0 ^/c, 7!)^n-^32Bll^ 
a£*Lfcdc4M8^3 5BO^ffiiOlil:^tT^f 
— * 4 3 0£ffi3>f;M 4 dfllflD-T 5«E4r*y«i"5 - 
fcfcij: !9SlH2SWoSi^m^3S®2 oor>-* h^e- 
^ 4 0 fcPl«^16f^i-5o Lfc^oT, £BW<DW}jjm 
*3SB2 0Btt, ±3SL^!BillJE«il^B*tB*3g«2 

[0 0 6 9] CH/c»WWai^i2 0Bia 50 



fl#H 2002-17004 

tutf* 7^n-^32Bi5^77^-^30B^D 
— ^O— ^Tv^ h^ — ^ 4 O B^D-^^I^ 
«i*a*SS«2 0B©/hS!<b*3j:tfe*-fb«:HS 

[0070] »i jtJ6«o»*ta*as«2 ott, 

9^J^*T6^WoBi*ai^SI«2 0 CO J: 5 l-ft 
J:9»«tT, *WoS(iffl(cas:Lria«L. :o7 

^ h^-^ 4 0 (aotiS^(7)Mi2 7, 2 9£r 
|gB*T6o IE»$J&2 2 0jfe«li^2 3^Ut 

7 7 2 4 11^ otitic ^) , rOfg 

M2 2 t-J;oTMfigftOiEBj$§)2 6, 2 8 
5, COi5 4»ft^T^tt^ MizSLfcSgl^ 

[0071] fg 1 ^^osi^m^^e 2 0 -m, * 7 

^38a^7v/3 8b^^4S^yy^y^3 8 

[0 0 7 2] tfc^, W^I2(7)|M^ LTOW 
ttWISBl 1 OlCOV>TKP^"r5o Hil 0 fSlfl 2 HJ&M 

o»^ttl^SS 2 0 ©-«l»»fi8*:^i-«jSlH, 01111 

*2iiiffiwoB*a*Kia2 0 sr«a*.aA/*:*:H<o«iS 
[0073] »2jii6«^ft^tti*Kii 1 oj&s*a-^a 

^ixfcSMtt, H 1 1 5 t-. ^7>^v-ir^h 

15 6 {^^ 7 y^-^e — ^ 3 0 t Tis* h^"^ 4 0^^ 
&yttrtbtlX^^iXt>V V ^r-¥ 1 2 o, 

-^MG 1 ^i^-^MG 2/^9ttttb*LT^££; 

SrBfti^TSB l Hffi«o»^tU*3S« 2 0 d^fi^a^^c 
«:M (0 2) fcrafltott/SSrUT^S. bfc^o-c. 
2 HJ6«oB*tb*3S« iio omj^o 5 l 
oB^itl^S©2 0 ^j^— o^tco^Tfi, 1100 

9Ki jafi«<o»*tH*as«2 oop^oiiii^^ 

-§-fi^rO ^ 4 ra CMMX-m 1/ ^6c 

[0 0 7 4] El 1 0 \Z7jk-f£ o IC, »^a3^F»B 110 
fi, < tt. x^/l 5 0, m>v?Vl 500^7 
y^i/t7M 5 6 {^^7^^ y^y7i24 ^^t^ 
«^^f:/7^Ktl2 0, r/^^y^ 

l 2 oof-^^rir l 2 l Sr0<EprtB^Bi9ft*te>*tfcfc 
^e-^MG l . 7 p 7^^y^ ! ti 2 0^yym 1 2 

G 2 joilt/^^-^MG 1 , MG 2£:Kft©M»-r5©Jffll 
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* • 

(12) 

21 

mm 8 ofrt>ffij&£tix^z>o 

[0 0 7 5] 7*7^^ y 1 2 Of*, fy^fis-ry 

h 1 5 e^li^^^Mii^^Tt^^^^^^lii 2 5 

{-^^^^X^f-V^r^ 1 2 1 <hr. ^7^v/t7M5 
6 {^#^IE®J# 112 \Z.%£S£fltz U 12 2 

th^^^l 2 l<7)^il^SteU^^b^te-r6lt^ 
^7*# ]) t 0 -*^*?^ 1 2 3 t, ^7^'>t7hl 
■ 5 e><D^%\Z.^£th&-77*? v f-ty^ti 2 3 

/S$*lt^5 0 :o^^y^t Horn 

. tl21, y V^irl 2 2^J;t;7 , 7^y^!)7 

1 2 4d-t*u*Jxie'&S*tfc*^ir*ftl 2 5, 

1 1 2*5.fcU^7^v'-r:7 h 1 5 603W^S(j^<^x 

ft^&^^S^ ^^^l$4(dAtibl^$^t'5BJ^fl 
*^^n/c2#^Atb^^^5®3^trS^^T^^5 0 

[0 0 7 6] ^e-^MG 1 «U l^#3®®J3B®$S£ Lti 2/? 

^132^ 06t#!:Mt5Effi=i^/n 3 4 
m£tltzX'T—# 1 3 3 t £Mlx.5o n— *132H 

/7^r^y^ti 2o^r/^iri 2 1 d^^fc^ 

A^l 3 5l£j;.5^j^H*B="f A-l 3 4CJ;oTl 
^^tb6^#<b^ffiS^t^J: 5 u — ^ 1 3 2^(ueiE 
!H-£«ft»£ L-cftfPU M«^i3 5l:«t58iSL J0 
£ ^ 1 3 2 <7)0if£ ftM8i-£ !)£ft=i^;n 

3 4 05HWcjB«**:*lSS*6J8««4: LTftf^-T 
6 e **5, i^>-^rir^l 2 5 -fcOlIIlE^Se s£ 

[0 0 7 7] ^-^MG 2^, ^e-^MG 1 £H8II£|r] 
HtS^/Ui 4 4^^©$^^^—^ 143t SM»;t 

5 0 D-n4 2ii 7 p 7^^y^ti2o^yy^ 

tn 2i£jj£^£;h,fcf&Sb$il 1 2 £ tlX & V , 40 

X^-^ 1 4 3(2^- — XI 1 3lH@fe£tlX^Z> 0 
^MG2^f-^ 14 3 t«*fp)ttfl;aaifflffi^Wffi«r 

igibii i i 2 -t<o[p]teftg e d *i&m~tz> i/^ 
i i 3(csft^nfc-<r y y^ii3aia^5 

[0 0 7 8] El l o M^-TJ: 5 ^2 Hjfi«o»*ai 

1 1 0 d3fl;t£fBH*£B 1 8 0 tt, * l HI£0j!<D 5/7 
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22 

»2>tH:ftK1E2 0OIWISI8 0 £ra«K«ric£ft-Cl^ 
5 0 8 0H ^MG 1 ^rlEib-r 

5^ i <di*®)[e}i& 191, ^-^mg 2 zmm-tzm 2 

<7)IE«)fH]&g 19 2. MiEBjiH]^ 191, 192 ZMffl-T 

6WCPU1 9 0, —Tkm&xibZ>/<yy}) 19 4^ 
e>«/££*b-C^<5o tt*5* SB2|M609<o«!l«iCPU 1 9 
OOA^/f-hM, Il^MWJjSCPU9 0£7)A 

0 e l:fttt^/^l 3 9^^CO^^^-^#l 2 5(7D 
[0 0 7 9] ^1 *3 2 (DiHiblH]^ 191, 192 

%\nw^<n%\te&x$% 2 commas i, 92 

7^^Tr 1-Tr6, Trll-Trl6L h 
7^nrl-Tr6, Trll-Trl6^ 

-KD1-D6, D11~D16£ N h7V^^Tr 

1 ~T r 6 , Trll ~T r 1 6 <DXJ v^l^V^WM 
t5^-T ^yfy^CPUl 9 1a, 192a ^rd^fllJSS; 

saxri^So **5x si^igftiiiasi 9 j/^v 

^CPUl 9 1 a^JK-hCll ^ ^^.v^^ h 
5 6 0|H»EftSe s £:igft#2 2W@6«Sfl d*5£t>* 
^ 9 I u c , I v c (Cft^LT 13 9 

fab<D-y->-3r^rmi 2 5(D@6M0 s <h 2o«l« 
tiiSSl 9 5, 1 9 6 ^h<0^r—^MG 1 <D®Scffi: I u 
1 , I v It & At) £tLX& 3 > S 2 coiEtbte]^ 19 2 
0^>f y^C PU 1 9 2 a OA^iK- hCH ^9 
i^^iy^y h 5 6 ^@teftS8 s ioJ:t>*ri/x h^Sfiffl 

I u a , I v a l£ft£.T L">Ol"< 14 9 d>£>tf>isfttt 1 

1 2 (DWfcfag. 6 d ^ 2 0£>m*&£ti£§ 19 7, 198 
^P)^-^MG 2^m^fcffil u 2, I v 2 t 
ttTV^o Lfc^oX. ^^f<7fy^CPU191a ( 

19 2a tCcfc «9^t^/<e-r h7^^^T r 1 ~T r 6 , 
Trll ~T r 1 6 <T>% tG-ZMfflig S W 

1, SW2IIJ:*)J(IftiWU £t@= I 'f/H3 4 J 14 
4(^6iI^PWMM«iaoTji»/£jES&l: 

=4b=^/h 34, i44(a^ m^m^ 

[0 0 8 0] ftllf 2 HJ£«^»*tti*3S« 110 0®3 

mcov^rat^o »2HlfgW^B^ttl^3£«i l o 

5 0 ^^i/V 15 0 ^rlEl^^N e , V)\"9 T e CO^l^/K 

^yhPlTlfeU ^©xy^yi 5 o^bttJ^^n 
Nd , YjW T d ^iHtesK-Y yhP2 XWMM 112% 

lM^t%^5o rtO^FO^^v^^l 5 0 ir^tbtt 1 1 
[008 1] -?y*$y^ \ 2 0<D^^^1 2 1, 
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(13) 



23 



]) is?**! 2 2*3 J: 1*79** y^^y7l24i:g 
#£*bfc3$A (iJ-^irttl 2 5, IgKWl 1 2*Sj;tf 

$Hri 2 3 W^EnES* h/^OBBfl»*> ± 

[0 0 8 2] 0 1 3^*3*tS3ffittfi3*ai(75lHl(te«:*l|-efe 
fe, t^tUnstBililin^IJUlS, R& 

^3*^1 2 1 O#ft<0ltX-S>»9 x (10) X'SfrS 

[0 0 8 3] 

[*5] 20 



p = 



•(10) 



[0 0 8 4] V>£ x 5 0 ^0»N e 

s*kct^>'^>' 150 n e mm%& 112 

SSjftl?*toStt5[aME*i: LT^V^HrW 125 30 
d i*ffl^TJt«W-»a (^(11)) 

r£#x#£> 0 ^©i5i^7^y^ti 20m 

-tf-^ir l 21, y v^=¥iri 2 2 *3 «fc * * U * 

0KKg<5^X&r3££;ft£o 
[0 0 8 5] 

[me] 

1 + P 



Ns= Nr-(Nr- Ne) 



(M) 



[0 0 8 6] ^{^. jfjWxfcftftefciRlw. xy^/yi5 
0(7) hyu^T e y^t? i/*r7 hi 56 OMSfiC^r 

*fe i # old* fc L t* 9 S 5 c i 6'^5) , ffiK 



40 



4$M 2002-17004 

Te s £jM^i»R±<7) h/^Te r £ t^Bli" 5 C £ # 
X#5 C h/^Te sioiOTe rO^$ 

f4. 8C5C (1 2) joJ:t>* (l 3) i;iJ;oXSfc>§*b5o 

[0 0 8 7] 

[8S7] 



7tf.v = Tex 



Ter = 7<? x 



1 

1+P 



(12) 



(13) 



50 



[0 0 8 8] Bj^«ft^-(7)^T*S^T*$>Sfcfet=: 

Mil 2i^ffl^ii--<# hvi^T d irlHC^:# $"C[p}#^ 

R2*<7) h/l^ t hfrfT e r £ <0^;fcfc*t U*:# £#|f] 
W[*l%ifiRM<D YjV9 Tm 2 £f£JB $1tZ><DX'foZ> 0 
Z(D Tm 1 H^-^MG 1 V , V^t Tm 2 

^MG 1 -CttlH]fiO*[Rli:a?rRj^lw h/u^S:f^ 
JB£i2r<5d>io, ^-^MGlttMi^ttll^i 

51*i*^Pml fc*^V«Il"2 5^5>lel^-t* 

Hc-cfcs^b, ^^mg 2^mBi^^ urtbfpu 

/^Pm2 Srft^J fc X^XWmM 112 {Ctti^i"5o 
[0 0 8 9] ::t*. t^x^;l/^p m l ^t^i^/l, 

^Pm2i:^l<ttLfi ^-^MG2T«m 

^(Dt-t^^-^MG i uij: 9E]£LTJBi5 cfcas-e 

^ti^^/^pe ^i^tttti i 2 ^tb^-r^^A- 

HHslftN e ^iT'tb^5^/^P e h h/^ 
T d ^HieiSN d b<DffiXmfr£tbZ>^*/\s*cP d k& 

wis<-tz><vxfoz>o mi 2\zmbittt. mmtf^^b 

P 1 X-MfcZtlXb^Z^lsi/lsl 5 0*>bttJ^StbS h 

j£LX N ^-^s^^^t h T d t @6SN d i T* 
^:b£*L£K)*J fc UXi^BK 112 \Z.tti£>-tZ><DXh 

[0 0 9 0] mi 3 ^^i"**Ht?fi* ^-HSi 125 
OleligtN sfijEOffiX-feofc;^ xyv>yi 5 0<7)[b3 

g&Ne £|gi!j#l 1 2(0[E]^mNd ^ l:J:oT(l HI 
LTW^U h/v-^ Tm 1 i:[E3feg:N s irOStl 
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(14) 
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25 



26 



MG2m ®fe<Djjfat \*J\s#<D{\Fm-tZ>Jjfat&& 

Pm 2%msM 1 1 2^e>ii]^-r ti^**. 

* MG 2 T*04t61^x^;^ Pm2i Sr#'U < 
tf. ^-^MG 1 Tii}t51^;^p m l 

[0 0 9 1] JSJLL, ft 2 H16M^ft*ttl^3S« hoc 
ffi^coSj^ffi^j^S noil r 5 Lfc^^i^^ 15 0 
i 2^tb^-r-5»f^ffi^x xy^i 5.o a* fettles 

ttS»* ( h Teh [D6|[N e <h 6D^S) =*z—$ 
MG 1 ("J: 9 BfttfcttfitStlStftai^Pm 1 
i:, *-^MG2fcJ:9}H*4fcttIel^Sn5«ftt3i* 

5. ^t^i^/^^<^f y 1 9 4 cn^btL 

fcB* K J: «9 M 5 »f£ft t-fZZthX'Z 20 

[0092] c 0 Ufc«23llS«<o»*ia*SK«i 1 0 

9 2 (7) h7^^Tr 1 1 4^LT r 1 6 <DmM£*1% 
ZfeftlstctZ^ h7>^^T r 1 l^t>lT r 1 6 

CfcirSfc if, *MG 20HH 

dST*#5o l2iMf«^til^gIl 1 0lC*5tt5S 

Tml*<-pX (Td.* + Pm2/Nd) 



* S 2 0 0 S 2 1 0 O*0j3gfi x ft 1 HS£0!l<Dg?£H# 

Y^WM^— (0 4) ^^ry/S10 04^l 
S 1 1 oofltSirH— T-fcSa^. -tott^*i«liSi- 

[0 0 9 3] *x 2 1 0T\ mWMl 1 2O0g 

JSN d ^SltlN s e t J: 9*#V^#(rf±^ ^MG 

* < ^ot=iyf>ti 9 3 SrataS-^Sfc-tixdSfcS 

trnwiis. ^— *mg 2t^j: Dwe^^m*^*/^*) 
-^^-^mg na?) rg^-rs «£ 5 ^-^mg i o 

h/^MTm 1 * Irxyi/yi 5 0(D3WMfcWN 

S2 1 24^LS'2 160teI) %mft-tz> Q 
ttft £1\ iEftttl 1 2 <DmW&K & \z.&'3^x 
^MG 2^£lE]££*t5®;tlPm2 ^rfhgii"^ (* 
7^5212) 0 £Ott£<0#ffi*fctt*ffi(0*tttt 

ftUHffi^-CKPJL^p 

[0 0 9 4] 8^T, #C5t (1 4) tcj; 5 ^-^MG 1 
<D h/t^Jg^ffiT c *SrKSi"* Ur^S2 1 
4) 0 CCT\ * (14) <K *i22S3!ttrtft2 3Sfi, ^ 

-^MG2^^>iEKitti 1 2\^mii£tLZ>mm Vfvtxc 

ffiSt$t)^t*fc5^^ *T5Z2iS3Blrtttx ^MG2 
tf> H/u^j&sfWS-rs J: 5 V *?*r 1 2 o«l^e>fg 

iiii2nt±i^t5h^^^o ufc^ot, a 

(14) icj: *mg 1 cd h/i-^m^fil 

tblESb^ 112 Hffi^tSt^RAi: h/u^ t 

[0 0 9 5] 



(1 4) 



[0 0 9 6] (1 5) \Z.& «9*>-^tt 1 2 

5 s *%nW-fZ> UT77 , S21 

5) 0 fc*3, ^ (15) <E>#22£>«f¥-^«:, ^-^MG 
2lcj;^i^n61^Pm2^ ; e-^MG 1 -CWW-f 
Z>tz#>\Z^ ^e-^MG 1 con — ^ l 3 2tfSffi»3 fl-rt"£>jft,8$ 

N s Pm 2/Tm 1 * 

[0 0 9 8] tLT, 5 O^S^leie^N e 

* t Bm WTe * t Srft* (16) (1 7) «t 

f-cfc Ur^s 216) . ::t\ a; (1 

6) fi, 77*2 y^tl2 0£;fr LTl*Kj$iill 12!: 
®te»NdT-(IMte£it\ f^til2 5l:@l[el6S 
N s *T*[Eie£i*rfc£ yy^^y^-7 hi 5 6 <7)[h3 

e»*r*Hj-*-5*-e*>9. a (17) tt, a (14) t 
raas*^ x ^mg 2ofyib h/u^*fr*,r^uT**3 



40 



[0 0 9 7] 

• *■■ (15) 

IbHil 1 2 l:f T d *^ h/^^t^ip^*^ 

y=¥ti2 ofld^^ssbM 112 izttiij-rz v^t m 

ssfc-efc*. :^l^*ffl^^i6ii^to 

[0 0 9 9] 
[3*8] 
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(15) 



27 



Nc* <r- Ns* + 



1 4- p 



(Nd-Nx*) 



Net 



#^2 002-17004 



28 
(16) 



(17) 



[0 10 0] — S\ T^^S 2 1 0-ClEibilfel 12(0 
[Hl^ScN d j&sfiiffiN set .£AT<£> £ # \Z\^ ^ ^7=Vih 

i 9 sz&mz^zte^rite^^bmmi,. ^-^mg 

S 2 1 8) , (18) ^(19) t\-£y^l/i? 

^15 0(Dg^[H]^N e * £ Bffll h/W*T e * £ £I£ 
^-f<5 Uf^S 2 2 0) 0 C^^^II^f^C^ 
in J: 9 /7^^ U ^r-V 1 2 0£:fr LTl*tt)$4 1 1 2\^m 

Td *o h^^^tB^i-5r £^X££ 0 ft*3, ^e-^ 

[0101] 
[£fr9] 

1 



Nc 



x M/ 



7^* <- (i+p) x 71/* 



(18) 
••«(I9) 



7/7 



20 



[0 10 2] r p LT^-^MG 1 W h/^^lTm 
1 *^^i/>-l 5 0<DBWMfc$kN e *, Yfrt 
Te*^tSf6^ ^-^MGlfcJ;r;xyi;yi5 
O^fjjlJ^fT^P (7fy^S 2 2 2j3j:t;S2 2 
4) 0 WCPU1 9 0^^yfy^ 

C PU 1 9 1 a mfattT^e — ^MG 1 <D h^^^f T 30 
ml *^ttS^/i-5^^(-EF I ECU 1 7 0 ^ftfrtT^ 
^v^l 5 0^@^[Hie^Ne *^iah;^Te*i 
^rai^i-5r t tc«t 9 x .*>f ^f^CPUl 9 1al: 
iot^-^MG 1 ^P>H1^^5 h/^^ (14) 

DW*S*L5Kfcft5 J: 5*-^MG 1 IrSWtS 
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